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CHAPTER  I 


INTRODUCTION 
JAMES  S.  McLESTER,  M.D. 

BIRMINGHAM,  ALA. 

The  most  fertile  field  in  the  world  of  medicEl  research 
today  is  nutrition.  The  yield  is  good  and  even  in  time 
of  war  the  product  compares  favorably  in  value  with 
that  of  the  industries.  To  weigh  these  values  critically, 
to  correlate  them,  to  examine  them  in  their  relation  to 
medical  practice  and  human  welfare,  and  then  in  the 
light  of  the  information  thus  gained  to  revise  present 
day  knowledge  is  the  object  of  this  series  of  special 
articles  on  nutrition. 

The  advances  which  have  been  made  in  the  science 
of  nutrition  within  the  past  few  years  fire  the  imagina¬ 
tion.  Vitamins  have  been  produced  in  pure  form  and 
their  functions  defined  with  a  fair  degree  of  clearness, 
and  as  a  result  a  more  intimate  knowledge  has  been 
gained  of  the  intricacies  of  metabolism ;  the  essential 
nature  of  fats  has  been  demonstrated ;  the  roles  of  pro¬ 
teins  and  minerals  in  human  economy  have  been  further 
elucidated;  the  amounts  in  which  all  these  necessary 
substances  are  required  by  man  have  been  expressed  in 
figures,  and  the  foods  which  provide  them  most  abun¬ 
dantly  have  been  determined.  Finally,  there  has  devel¬ 
oped  a  clearer  understanding  of  the  deficiency  states 
with  a  fuller  appreciation  of  the  frequency  with  which 
these  states  impair  man’s  usefulness  and  destroy  his 
happiness.  This  marks  an  era  of  signal  achievement. 

Such  discoveries,  however,  seldom  tell  the  whole 
story.  They  clarify  problems  and  give  useful  informa¬ 
tion,  but  not  infrequently  their  most  significant  result 
is  to  increase  the  scope  of  the  student’s  vision  and  to 
ojjen  up  new  vistas  for  further  exploration.  Constantly, 
new  problems  present  themselves.  Consider,  for 
example,  the  relationship  of  vitamins  to  enzymes.  Some 
are  co-enzymes  and  are  known  to  unfold  their  specific 
activities  while  serving  as  the  prosthetic  group  of  the 
enzyme  molecule.  Is  all  vitamin  activity  of  this  nature  ^ 
Witness  too  the  need  for  more  complete  data  concern¬ 
ing  man’s  requirement  for  the  vitamins  of  the  B  com- 
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plex,  notably  riboflavin  and  nicotinic  acid,  and  also  for 
further  information  concerning  the  full  function  of 
ascorbic  acid,  one  of  the  most  thoroughly  studied  of  the 
vitamins.  How  pressing  is  the  need  of  the  adult  for 
vitamin  D?  Do  the  requirements  for  all  vitamins,  as  is 
true  of  some,  vary  with  circumstances?  And  what  are 
the  circumstances?  To  what  extent  does  each  of  the 
known  vitamins  influence  the  requirement  for  the 
others?  Is  there  such  a  thing  as  an  optimum  ratio 
between  vitamins,  and  what  is  the  result  when  this 
ratio  is  grossly  upset?  Will  the  administration  of  one 
vitamin  precipitate  symptoms  due  to  the  latent  defi¬ 
ciency  of  another?  In  truth,  the  story  of  the  vitamins  is 
just  beginning. 

The  same  is  true  of  the  mineral  elements.  It  would 
be  of  advantage  to  know,  for  example,  more  about  tbe 
influence  of  the  various  life  periods  on  human  require¬ 
ments  for  calcium  and  phosphorus  and  about  the  influ¬ 
ence  of  the  other  inorganic  elements  on  the  availability 
of  copper  and  iron.  Of  clinical  interest  too  are  the 
hazards  to  which  the  latter  element  is  subjected  in  its 
absorption  from  the  intestinal  tract.  One  of  the  newest 
problems  deals  with  the  role  played  by  the  so-called 
trace  elements  in  animal  metabolism.  There  are  indi¬ 
cations  that  it  is  not  an  unimportant  role. 

Then  come  even  more  practical  questions.  After 
ages  of  experience  in  gathering,  storing  and  cooking 
food,  man  is  now  beginning  to  inquire  concerning  the 
elfect  of  all  this  on  nutritive  values.  Only  today  he  has 
learned  that  vegetables  improperly  gathered  and  per¬ 
mitted  to  remain  hours  upon  hours  on  display  at  the 
grocer’s  lose  much  of  their  nutritive  value  and  that  the 
bottle  of  milk  left  on  his  doorstep  in  the  bright  sunlight 
will  within  the  hour  be  deprived  of  a  large  part  of  its 
riboflavin.  Even  the  effect  of  cooking  on  the  digesti¬ 
bility  and  availability  of  the  various  proteins  is  not  fully 
understood.  Insistent  questions  too  are  being  asked  by 
nutritionists  as  to  the  effect  on  foods  of  storing,  drying, 
freezing,  sterilizing,  pasteurizing  and  milling.  Indeed, 
the  influence  of  all  forms  of  processing  is  under  investi¬ 
gation. 

Technical  procedures  suitable  for  clinical  use  are 
needed.  The  recognition  of  nutritive  deficiency  is  often 
difficult  because  of  the  paucity  of  precise  methods  by 
which  a  person’s  nutritive  status  in  respect  to  each  of 
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the  known  vitamins  can  be  measured.  The  dark  adap¬ 
tation  test  for  vitamin  A  deficiency  and  the  slit  lamp 
method  for  revealing  the  small  vessels  in  the  cornea, 
which  tell  of  riboflavin  deficiency,  are  of  promise,  but 
the  pressing  need  is  for  special  technics  by  which  bio¬ 
chemical  changes  can  be  measured.  By  such  methods  it 
is  possible  today  to  recognize  in  the  blood  a  deficit  in 
proteins,  ascorbic  acid  or  vitamin  K,  but  the  other  tech¬ 
nics  which  have  been  developed  are  not  available  for 
clinical  use.  Then  too  there  are  more  fundamental  diffi¬ 
culties.  One  of  these  lies  in  the  fact  that  figures 
obtained  from  the  blood  do  not  necessarily  tell  of  the 
adequacy  with  which  the  body  is  equipped  with  a  given 
substance.  The  amount  of  a  vitamin  held  in  the  blood 
may  not  begin  to  fall  until  the  stores  of  that  substance 
in  the  tissues  are  almost  exhausted,  and  it  is  the  state 
of  the  tissues  that  really  tells  the  story.  In  addition, 
there  is  a  need  for  more  dependable  standards.  It  is  a 
mistake  to  assume  that  the  so-called  normal  subject, 
chosen  because  of  his  healthy  appearance,  is  necessarily 
normal  in  respect  to  his  vitamin  equipment.  Standards 
should  be  obtained,  not  from  the  general  population,  but 
preferably  from  groups  of  persons  whose  intakes  of  all 
nutrients  for  a  definite  period  are  known  to  have 
approached  the  optimum,  and,  when  feasible,  these 
standards  should  also  refer  to  age  and  occupation 
groups.  Until  the  special  technics  are  of  wider  availa¬ 
bility  and  standards  are  more  dependable  the  physician 
must  continue  to  depend  largely  on  his  clinical  acumen. 

Research  in  nutrition  has  not  been  limited  to  the 
study  of  single  essentials.  Food  products  are  beine 
investigated  in  the  effort  to  point  out  those  articles 
which  are  especially  rich  in  essential  substances  and 
tlwse  which  have  good  supplementary  values  The 
effort  IS  being  made  also  to  improve  the  quality  of  chean 
Staple  foods,  as  IS  seen  m  the  development  of  enriched 
our,  in  the  fortification  of  oleomargarine  with  fish  liver 
oils  and  m  the  addition  of  iodine  to  table  salt  Such 
restoration  of  important  substances  lost  in  processing  as 
1.  the  case  of  enriched  flour,  is  being  encouraged  bu 
It  should  be  noted  that,  with  two  exceptions  (the  addi 
.10,1  of  vitamin  D  to  milk  and  vitamin  A  to  butter  sut 
stitutes),  the  Council  on  Foods  and  Nutrition  of  tb^ 
Aniencan  Medical  Association  does  not  approve  of  JIk 
addition  to  foods  of  substances  not  found  in  the  native 
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article  or  in  amounts  in  excess  of  the  amount  carried  by 
the  best  foods  of  its  class.  The  attempt  to  convert  a 
food  into  a  pharmaceutical  product  is  frowned  on,  but 
the  restoration  of  substances  lost  in  preparing  the  food 
for  the  market  is  a  recognized  part  of  the  nutrition 
program. 

The  government  also  is  interested  in  nutrition,  vitally 
so  in  these  perilous  times  of  war.  To  wage  successful 
war  a  nation  must  possess  not  only  armed  forces  of  sur¬ 
passing  valor,  well  equipped,  but  also,  supporting  these, 
a  people  of  inflexible  stamina.  This  last  demands  that 
the  population  be  well  fed.  If  their  food  is  lacking  in 
kind  or  amount  they  will  be  wanting  in  industrial  effi¬ 
ciency  and  nervously  unstable.  To  produce  the  food 
required,  to  get  it  to  the  people  and  then  to  induce  them 
to  use  proper  selection  in  its  eating  are  problems  of 
agriculture,  transportation,  commerce  and  education,  all 
of  which  in  turn  are  problems  of  government.  The  state 
is  becoming  acutely  aware  of  its  obligations  in  this 
regard,  as  was  evidenced  in  the  calling  by  the  President 
of  the  nutritional  conference  for  defense,  in  the  forma¬ 
tion  of  the  Food  and  Nutrition  Board  of  the  National 
Research  Council,  in  the  activities  in  this  field  of  the 
Federal  Security  Agency,  and  in  the  increased  interest 
shown  by  the  Food  and  Drug  Administration  in  accu¬ 
racy  in  labeling  and  truthfulness  in  advertising. 
Through  these  agencies,  measures  are  being  developed 
for  the  protection  and  education  of  the  consumer,  and 
increasing  governmental  regulation  of  the  production, 
processing,  storage  and  sale  of  food  may  be  expected. 
If  this  is  wisely  done,  benefits  will  accrue. 

But,  it  is  asked,  is  all  of  this  in  truth  as  important  as 
would  appear?  Is  the  average  American  diet  suscep¬ 
tible  of  great  improvement?  I  would  unhesitatingly 
answer  yes.  If  some  physicians  answer  no,  it  is  per¬ 
haps  because  they  are  not  looking  at  the  whole  picture. 
True,  outspoken  deficiency  diseases  are  relatively  rare 
in  American  hospitals — at  least  they  seldom  stare  one  in 
the  face — but  this  is  not  the  type  of  deficiency  of  which 
I  write.  The  type  which  in  point  of  numbers  bulks 
largest  is  the  milder  type,  often  expressed  by  borderline 
states  of  nutritive  failure  in  which  the  person  is  neither 
grieviously  sick  nor  entirely  well.  Scrutiny  of  the  life 
histories  of  patients  and  studies  of  their  personality  have 
shown  that  the  earliest  effects  of  nutritive  deficiency  are 
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not  to  be  found  in  the  polyneuritis  of  beriberi  or  in  the 
bleeding  gums  of  scurvy  or  in  the  dermatitis  of  pellagra 
but  rather  in  the  mental  depression,  nervous  instability 
and  other  forms  of  vague  ill  health  which  almost  always 
come  first.  Indeed,  the  severer,  more  outspoken  mani¬ 
festations  may  remain  indefinitely  in  abeyance ;  the 
patient  is  simply  called  a  neurasthenic,  or  such  terms  as 
inadequate  personality  and  constitutional  inferiority  are 
applied.  After  watching  these  patients,  one  is  impressed 
by  the  truth  of  the  statement  that  no  greater  catastrophe 
comes  to  man  than  the  loss  of  efficiency,  the  lack  of 
initiative  and  the  mental  depression  which  accompany 
nutritive  failure.  Evidence  that  these  more  elusive 
forms  of  nutritive  deficiency  are  not  rare  but  in  reality 
are  of  frequent  occurrence  can  be  found  in  the  other 
articles  of  this  series  and  in  the  recent  report  of  Jolliflfe, 
McLester  and  Sherman.^ 

1  he  prevention  of  the  disorders  just  enumerated, 
however,  is  not  the  only  object  of  present  day  studies 
in  nutrition.  A  far  wider  objective  is  sought — the 
improvement  of  the  race.  This  is  not  beyond  reason ; 
take  two  examples.  Consider  first  the  success  of  feed¬ 
ing  experiments  with  the  lower  animals.  Students  of 
nutrition  have  been  able  through  intelligent  additions  to 
a  ration  which  already  was  regarded  as  adequate  so  to 
improve  the  albino  rat  in  respect  to  stature,  vigor,  fer¬ 
tility  and  longevity  as  to  produce  in  the  course  of  years 
a  superior  race  of  animals.  Then  compare  the  children 
born  in  this  country  of  immigrant  parents  with  their 
torebears  and  note  their  superiority  in  physical  and 
inental  characteristics.  Though  not  so  striking,  a  simi- 
lar  trend  can  be  seen  in  children  born  of  American 
stock.  This  superiority  can  be  attributed  to  the  better 
environment  enjoyed  by  these  children,  an  important 
eature  of  which  has  been  a  more  adequate  diet  To 
students  of  nutrition  this  points  the  way  to  the  develop¬ 
ment  of  a  larger,  more  vigorous  race. 

Ever  since  man’s  early  ancestors  first  climbed  out  of 
the  sea  and  began  to  forage  on  land,  he  has  been  able 
through  gradually  increasing  control  of  his  environment 
s  eadily  to  improve  the  nature  of  his  food.  This  has 
been  a  potent  factor  in  the  evolutionary  process  that  ha 
dommant  as  a  species  and  hL'k.nT;!  .1 

1.  Jolliffe,  Norman;  McLester  T  <s  j  T  - - - — 

Prevalence  of  Malnutrition.  J.  A.  M^' a"-’i 4^(X’ch''il 
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thousands  on  thousands  of  years.  Biologic  history, 
however,  contains  numerous  examples  of  evolution  of 
a  species  which  was  followed  in  time  by  involution.  The 
effort  today  to  adjust  human  environment  to  physi¬ 
ologic  needs  is  expected  to  prevent  the  latter  process, 
but  as  to  its  ultimate  success  genuine  doubt  may  be 
entertained. 

The  trend  of  improvement  in  man’s  nutrition  con¬ 
tinues.  In  attractiveness,  keeping  qualities,  palatability 
and  digestibility  his  food  today  is  superior  to  that  of 
his  immediate  forebears,  but  it  has  also  suffered  losses. 
Because  of  the  refinements  to  which  it  has  been  sub¬ 
jected  it  often  fails  to  carry  vitamins,  minerals  and  other 
essential  substances  in  the  abundance  supplied  by  the 
earlier  foods.  Is  it  possible  that  these  disadvantages 
will  in  time  outweigh  the  advantages  and  lead  finally  to 
a  halt,  even  to  a  retrogression,  in  the  development  of 
the  race  ?  And  can  this  be  prevented  through  the  appli  - 
cation  of  the  recently  gained  knowledge  of  nutrition? 
Or,  still  better,  is  it  possible  by  means  of  this  knowledge 
to  carry  forward,  even  accelerate,  man’s  upward  prog¬ 
ress?  The  answer  can  be  sought  in  the  special  articles 
which  follow. 
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The  term  protein  was  suggested  by  the  Dutch  chemist 
Mulder  in  1839  as  a  designation  for  the  universal  com¬ 
ponent  of  tissues,  both  plant  and  animal.  Protein  was 
characterized  by  him  as  “unquestionably  the  most  impor¬ 
tant  of  all  known  substances  in  the  organic  kingdom. 
Without  it  no  life  appears  possible  on  our  planet. 
Through  its  means  the  chief  phenomena  of  life  are 
produced.”  ^  Some  sixty  years  later  the  primary 
importance  of  the  proteins  was  again  emphasized  by 
Verworn,-  who  wrote :  “The  proteins  stand  at  the 
centre  of  all  organic  life.”  Today,  more  than  a  century 
after  Mulder,  the  proteins  are  still  “first”  (Greek, 
TrpwTctos)  in  the  regulation  of  vital  processes,  and  dis¬ 
turbances  in  their  metabolism  are  associated  with 
nutritive  failure  and  with  many  pathologic  conditions 
witli  which  the  physician  is  confronted. 

Proteins  are  normal  constituents  of  all  animal  cells 
and  body  fluids  with  the  exception  of  the  bile  and  the 
urine.  They  are  essential  components  of  both  the  pro¬ 
toplasm  and  the  nucleus  of  the  cell  j  hence  they  exert  a 
profound  influence  on  growth.  They  are  important  in 
the  regulation  of  osmotic  relations  between  cells  and 
intercellular  fluids  and  between  tissues  and  blood  and 
play  a  significant  role  in  the  fluid  balance  of  the  body. 
Many  of  the  best  characterized  enzymes  have  been 
obtained  in  crystalline  form  and  have  the  properties 
of  proteins  (the  “protein  enzymes”).^  A  considerable 
number  of  the  hormones,  chemical  regulators  of  the 
l)ody,  are  either  proteins  (the  so-called  protein  hor¬ 
mones)  or  are  derivatives  of  proteins.  Many  of  the 
substances  associated  with  immunologic  and  antigenic 
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reactions  and  similar  phenomena  are  known  to  be  pro¬ 
teins.  Finally,  in  recent  years  the  causative  agents  of 
certain  virus  diseases  (notably  the  tobacco  mosaic  and 
the  bushy  stunt  of  the  tomato)  have  been  obtained  in 
crystalline  form  and  exhibit  the  characteristic  properties 
of  proteins,  yet  when  inoculated  into  the  proper  host 
they  multiply  and  give  rise  to  the  specific  pathologic 
changes  associated  with  the  virus.®  The  study  of  “virus 
proteins”  has  become  of  increasing  importance. 

It  is  notable  that  the  proteins  exist  as  large  molecules 
or  possibly  aggregates  of  molecules.  In  table  1  are 
presented  the  probable  molecular  weights  of  a  few 
important  proteins,  as  summarized  by  Svedberg  and 
Pedersen.®  The  large  molecules  of  even  the  simpler 
proteins  may  be  compared  with  those  of  some  other 
important  constituents  of  tissues  or  body  fluids :  sodium 
chloride,  58;  urea,  60;  ascorbic  acid,  176;  dextrose, 
180;  lactose,  342;  carotene  (provitamin  A),  537,  and 
glyceryl  tristearate  (a  typical  fat),  891. 

When  this  large  protein  molecule  is  broken  down  by 
the  addition  of  the  elements  of  water  (hydrolysis),  a 
considerable  number  of  much  simpler  units  or  building 
stones  are  formed  whose  molecular  weights  range  from 
75  (aminoacetic  acid,  known  also  as  glycocoll  or  glycine) 
to  240  (cystine).  These  units  have  the  structure  and 
properties  of  ampholytes  (dissociation  so  that  they  may 
function  either  as  an  acid  or  as  a  base  depending  on 
the  pH  of  the  environment)  and  are  known  as  a-amino 
acids.  From  the  chemical  standpoint,  they  are  char¬ 
acterized  by  the  presence  of  a  carboxyl  (COOH)  group 
with  acidic  properties  and  an  amino  (NHg)  group  with 
basic  properties,  the  two  groups  being  attached  to  the 
same  carbon  atom. 

The  character  of  the  remainder  of  the  amino  acid 
molecule  (designated  by  R,  fig.  1)  varies,  but  all  the 
typical  products  of  hydrolysis  have  in  common  the 
presence  of  the  carboxyl  and  amino  groups.  Important 
chemical  grouping  in  various  amino  acids  are  sulfur 
(cystine  and  methionine),  hydroxyl  (threonine  and 
serine),  benzene  nucleus  (phenylalanine  and  tyrosine), 
guanidine  nucleus  (arginine),  indolyl  ting  (tryptophan) 
and  imidazolyl  ring  (histidine). 

5.  Stanley,  W.  M.:  Some  Chemical,  Medical  and  Philosophical  Aspects 
of  Viruses,  Science  93:  145-151  (Feb.  14)  1941. 

6.  Svedberg,  T.,  and  Pedersen,  K.  O.:  The  Ultracentrifuge,  Oxford, 
England,  Clarendon  Press,  1940,  p.  406. 


PROTEINS 


15 


Certain  units  or  amino  acids  present  in  the  protein 
molecule  are  considered  of  especial  importance  in  the 
structure  of  tissue  (growth)  and  are  commonly  desig¬ 
nated  as  the  essential  amino  acids.  The  chemical  nature 
of  these  essential  units  will  be  discussed  subsequently. 
The  formulas  of  the  other  amino  acids  may  be  obtained 
from  any  of  the  numerous  standard  textbooks  on  bio¬ 
logic  chemistry. 

The  amino  acids  are  joined  to  each  other  in  the  pro¬ 
tein  molecule  by  a  linkage  known  as  the  peptide  linkage, 
in  which  the  basic  (amino)  group  of  one  acid  is  linked 
to  the  acidic  (carboxyl)  group  of  the  adjacent  acid  with 
the  loss  of  a  molecule  of  water.  A  compound  made 

Table  1. — Sources  and  Probable  Molecular  Weights  of  Proteins 


Protein 


Probable  Molec- 
Source  ular  Weight 


Lactalbumin . 

Lactoglobulin . 

Zein . 

Pepsin . 

Insulin . 

Bence  Jones  protein . 

Ovalbumin . 

Hemoglobin  (man) . 

Serum  albumin  (horse) . 

Serum  globulin  (horse,  man) . 

Edestin . 

Urease . 

'Phyroglobulin . . 

Antipneumococcus  serum  globulin.. . . 
Bushy  stunt  virus . 


Milk  17,600 

Milk  36,200 

Corn  35,200 

Gastric  juice  35,200 

Pancreas  36,200 

Urine  35,200 

Egg  white  35,200 

Erythrocytes  70,400 

Blood  70,400 

Blood  140,800 

Hemp  seed  282,000 

Jack  bean  422,000 

Thyroid  650,000 

Horse  blood  845,000 


Tomato  plant  7,600,000 


up  of  t\vo  acids  thus  joined  is  known  as  a  dipeptide, 
and  a  similar  compound  which  contains  several  (tisuallv 
an  unknown  number)  amino  acids  bound  together  in  the 
peptide  linkage  is  known  as  a  polypeptide. 

Hydrolysis  of  the  dipeptide  for  which  the  formula  is 

given  would  break  the  peptide  linkage  ( — NH _ CO _ ) 

and  the  component  amino  acids  would  be  obtained’ 
While  the  peptide  linkage  may  not  be  the  only  linkage 
between  the  amino  acids  of  the  protein  molecule,  it  is 
certainly  by  far  the  most  important  one.  This  is  borne 
out  by  the  chemical  properties  of  native  proteins  (pro¬ 
teins  as  they  are  found  in  nature  as  c()ntrasted  \vith 
derivatives  formed  by  the  action  of  heat,  alcohol,  water 
salts,  enzymes  and  the  like).  The  biologic  reaclioiis  of 
le  proteins  are  also  more  closely  related  to  those  of 
ammo  acids  than  to  those  of  any  other  type  of  hvdro 
lytic  product  of  protein,  such  asVoteoseJ’:>r  peXet 
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Just  like  the  amino  acids,  which  are  ampholytes  and 
may  react  with  either  acids  or  bases,  depending  on  the 
pu  of  their  environment,  the  proteins  as  complexes  of 
amino  acids  (polypeptides)  may  combine  with  either 
acids  or  bases.  For  the  most  part,  the  proteins  as  they 
exist  in  fluids  and  tissues  of  the  animal  organism  func¬ 
tion  as  acids  (play  the  role  of  anions)  and  are  in 
combination  with  bases  (cations).  Thus  the  protein 
hemoglobin  of  the  erythrocytes  is  combined  in  the  cell 
with  bases  (chiefly  potassium)  as  a  salt;  similarly  milk 
contains  various  salts  of  casein,  of  which  calcium  casein¬ 
ate  is  important. 

When  two  amino  acids  are  joined  in  peptide  linkage, 
two  different  peptides  may  be  obtained;  with  three 
amino  acids,  six  peptides,  and  with  five  amino  acids, 
120  peptides.  These  are  known  as  isomers,  since  they 
are  all  made  up  of  the  same  units  and  have  the  same 
percentage  composition.  They  differ,  however,  in  the 


An  elphe  emino  ecid 

arrangement  of  the  amino  acids  in  the  peptide  chain 
(for  instance,  in  the  case  of  a  tripeptide,  a-b-c,  a-c-b, 
b-a-c,  b-c-a,  c-a-b  and  c-b-a,  when  a,  b  and  c  are  three 
different  amino  acids).  Since  more  than  twenty  amino 
acids  are  known  to  be  of  general  occurrence  in  the 
protein  molecule,  it  is  obvious  that  the  possible  number 
of  isomeric  proteins  (polypeptides)  is  very  large.  A 
peptide  made  up  of  the  twenty  amino  acids  most  com¬ 
monly  obtained  in  the  hydrolysis  of  protein,  each  acid 
occurring  once  only  in  the  chain,  would  have  a  mole¬ 
cular  weight  of  2,499.  A  simple  calculation  shows  that 
the  number  of  possible  isomers  of  this  peptide  would 
be  2,432,902,008,176,640,000,  a  number  beyond  the 
range  of  human  thought.^  Each  of  these  peptides  would 
have  the  same  percentage  composition,  would  yield  the 
same  amino  acids  on  hydrolysis  in  the  same  proportions 
and  would  have  similar  properties.  .  Each  ‘would  differ 
from  the  other  in  some  slight  variation  in  the  arrange- 

7.  Abderhalden,  E.:  Lehrbuch  der  physiologischen  Chemie,  ed.  6,  * 
Berlin  and  Vienna,  Urban  and  Schwarzenberg,  1931,  p.  302. 
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ment  of  tho  coniponent  Eiiiino  acids  of  the  peptide  chain. 
Each  would  therefore  be  a  chemical  individual  distinct 
from  the  other  isomeric  peptides. 

If  it  is  remembered  that  the  protein  molecule  is  much 
larger  than  that  of  the  peptide  just  discussed,  that  native 
proteins  vary  greatly  in  the  amounts  of  amino  acids 
which  they  yield  on  hydrolysis  and  that  some  link^es 
other  than  the  simple  peptide  linkage  almost  certainly 
occur  in  the  protein  molecule,  it  is  evident  that  the 
possible  number  of  diflferent  proteins  as  they  exist  in 
nature  is  almost  infinite.  This  individuality  of  natural 
proteins  finds  expression  in  the  so-called  specificity  of 
the  proteins.  This  may  be  most  simply  defined  by  the 
statement  that  every  species  tends  to  construct  within 
the  organism  a  protein  characteristic  of  that  species. 


ll'N-c-  cKoh^  ^^n-c-c- oh 


%-C-  C''^N-C-C^OH  +  H2O 


H 


Formation  of  a  dipeptide 

Thus,  casein  of  cow’s  milk  is  believed  to  differ  from 
casein  of  goat’s  milk,  protein  of  beef  muscle  to  differ 
from  protein  of  pork  muscle  and  serum  protein  of  human 
blood  to  be  different  from  serum  protein  of  beef  blood. 
While  in  my  opinion  the  basis  of  this  specificity  is 
undoubtedly  chemical  and  is  related  to  the  possibilities 
of  isomerism  just  discussed,  this  cannot  be  proved  at 
present.  The  specificity  of  proteins  of  different  bio¬ 
logic  origin  must  for  the  present  be  demonstrated  by 
biologic  ^^reactions,  by  the  reactions  observed  when 
‘  foreign”  protein  is  introduced  into  the  organism  Tlic 
phenomena  of  anaphylaxis,  of  antibody  formation,  of 
food  allergies  and  of  many  other  antigenic  and  immun¬ 
ologic  reactions  are  all  manifestations  of  this  biologic 
specificity  of  the  proteins,  so  important  in  many  con¬ 
siderations  of  medical  practice. 

The  protein  of  the  human  diet  is  obtained  from  both 
animal  and  vegetable  sources.  Among  foodstuffs  of 
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animal  origin,  meats  (both  muscular  and  glandular  tis¬ 
sues),  fish,  eggs,  milk  and  milk  products  are  most 
important.  Vegetable  protein  is  most  readily  available 
in  the  cereal  grains  (wheat,  corn,  rice,  rye  and  barley), 
the  seeds  of  legumes  (peas  and  various  kinds  of  beans) 
and  many  nuts,  of  which  the  peanut  is  perhaps  most 
important  in  the  human  diet.  It  is  estimated  that  the 
cereals  contribute  about  25  per  cent  of  the  total  calories 
of  the  diet  of  the  American  people. 

The  proteins  of  the  foodstuffs,  large  molecules  with 
colloidal  properties,  do  not  diffuse  readily  through  bio¬ 
logic  membranes.  If  these  dietary  proteins  are  to  be 
utilized,  it  is  necessary  that  they  be  altered  so  that 
passage  through  the  mucous  membrane  of  the  intestine 
is  possible.  This  is  accomplished  in  the  gastrointestinal 
canal  by  the  process  of  digestion,  by  the  action  of  a 
group  of  biologic  catalysts  or  enzymes,  whose  activities 
are  so  coordinated  as  to  effect  a  rapid  and  complete 
hydrolysis  to  the  soluble  diffusible  amino  acids.  Since 
biologically  the  amino  acids  are  nonspecific,  digestion 
results  in  the  loss  of  the  biologic  specificity  of  the 
proteins ;  if  this  were  not  the  case,  large  amounts  of 
“foreign”  protein  would  normally  enter  the  blood 
stream  from  the  alimentary  canal,  and  food  allergies 
of  protein  origin  would  be  of  very  frequent  occurrence. 
In  the  words  of  the  English  physiologist  Cathcart :  ® 
“It  is  the  disintegration  of  the  specific  protein  to  its 
constituents  which  are  for  the  most  part  non-specific 
which  would  seem  to  be  the  characteristic  function  of 
digestion ;  the  breakdown  of  the  colloidal  non-dialyzable 
whole  protein  to  the  dialyzable  simple  peptides  and 
amino  acids.” 

The  enzymes  concerned  in  this  process  are  pepsin 
and  rennin  of  the  gastric  juice,  trypsin  and  chymotrypsin 
of  the  pancreatic  juice  and  a  group  of  enzymes  known 
as  peptidases,  which  are  present  in  the  pancreatic  and 
intestinal  juices  and  hydrolyze  the  peptides.  (It  should 
be  noted  that  commercial  “trypsin”  and  the  trypsin 
referred  to  in  the  older  literature  are  mixtures  of  the 
proteolytic  enzymes  of  pancreatic  tissue  and  include 
not  only  trypsin  but  also  chymotrypsin  and  peptidases.® ) 
Digestion  is  best  effected  if  these  enzymes  act  on  the 

8.  Cathcart,  E.  P. :  The  Physiology  of  Protein  Metabolistn,  in  Mono 
graphs  on  Jtiochemistry,  ed.  2,  London,  Longmans,  Green  &  Co.,  1921, 
p.  3. 

9.  Northrop,*  pp.  62-63. 
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proteins  of  tlie  diet  in  the  natural  anatomic  sequence, 
i.  e.,  gastric,  pancreatic  and  intestinal. 

Digestion  proceeds  rapidly  in  the  intestine ;  the 
amino  acids  are  absorbed  as  rapidly  as  they  are  formed 
by  the  activity  of  the  enzymes.  Although  digestion 
studies  in  vivo  with  experimental  animals  with  fistulas 
at  various  levels  throughout  the  alimentary  canal  have 
clearly  demonstrated  that  the  major  portion  of  the 
ingested  protein  is  completely  hydrolyzed  to  amino 
acids,  or  at  least  to  very  simple  peptides,^®  the  question 
of  the  absorption  of  some  portion  of  the  protein  of  the 
diet  in  unaltered  form  into  the  circulation  must  be  con¬ 
sidered.  Early  workers  whose  experimental  methods 
were  not  adequate  were  led  to  favor  the  possibility  of 
such  an  absorption  under  unusual  circumstances,  par¬ 
ticularly  in  young  animals,  in  which  the  intestinal  mem¬ 
brane  was  assumed  to  be  more  readily  permeable.  The 
use  of  the  newer  methods  of  immunology,  by  which 
accurate  detection  and  differentiation  of  very  small 
amounts  of  specific  proteins  have  been  made  possible, 
has  thrown  new  light  on  the  question.  By  these  methods 
it  now  appears  to  have  been  demonstrated  that  in  many 
persons,  without  regard  to  age  or  sex,  a  detectable 
amount  of  certain  proteins  frequently  enters  the  blood 
stream  in  an  unaltered  state  via  the  alimentary  canal. 
As  Walzer  has  expressed  it,  “The  regularity  with 
which  the  phenomenon  occurs  in  the  average  individual 
and  the  uniformity  of  results  when  repeatedly  tried 
under  identical  conditions  on  the  same  subject,  preclude 
the  possibility  that  this  is  an  accidental  or  unusual 
occurrpce.”  Of  the  protein  foods  studied,  the  most 
extensive  observations  have  been  reported  with  ego 
white.^“  These  findings  are  of  special  significance  in 
relation  to  the  phenomena  of  sensitization  to  specific 
protein  foods.  However,  it  should  be  remembered  that 
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the  methods  of  immunology  are  capable  of  detecting 
exceedingly  minute  amounts  of  protein  and  that  the 
total  amount  of  protein  absorbed  thus  unaltered  must 
be  very  slight.  One  may,  then,  with  a  reasonable 
degree  of  confidence  look  to  the  behavior  of  the  indi¬ 
vidual  amino  acids  for  the  interpretation  of  the  role 
of  protein  in  normal  nutrition. 

The  products  of  the  digestion  of  proteins,  chiefly  the 
amino  acids,  enter  the  portal  blood  on  absorption  from 
the  intestine  and  are  distributed  to  the  tissues  by  the 
systemic  blood.  The  postabsorptive  increase  in  the 
amino  acid  nitrogen  of  the  blood,  although  not  large, 
is  unquestioned.  The  amino  acids  are  rapidly  taken 
up  by  the  tissues,  and  the  amino  acid  content  of  the 
blood  returns  to  normal.^® 

One  of  three  fates  awaits  the  amino  acids  which  thus 
enter  the  cell.  The  first  is  condensation  with  other 
amino  acids,  selected  by  the  particular  tissue  in  ques¬ 
tion  from  the  pabulum  supplied  to  it  by  the  blood,  to 
form  the  protein  characteristic  of  that  particular  tissue 
or  cell.  This  specific  synthesis,  the  converse  of  diges¬ 
tion,  makes  possible  the  maintenance  of  the  individu¬ 
ality  of  the  cell.  This  process  acquires  a  particular 
significance  in  young  animals  in  which  building  of  new 
tissues,  growth,  must  occur  for  normal  development 
and  in  the  adult  in  normal  pregnancy  and  lactation. 

A  second  metabolic  path  is  utilization  of  the  amino 
acids  for  some  special  purpose  in  the  animal  economy 
apart  from  the  general  synthesis  of  cellular  protein. 
Examples  of  this  are  the  synthesis  of  such  proteins  as 
hemoglobin,  fibrinogen  and  the  serum  proteins.  Amino 
acids  are  utilized  also  for  the  formation  of  specific  pro¬ 
teins  with  hormonal  function  (insulin  and  prolactin)  or 
amino  acid  derivatives  which  are  hormones  (epinephrine 
and  thyroxine)  or  chemical  regulators  which  are  not 
usually  classed  as  hormones  (glutathione,  histamine  and 
creatine).  The  synthesis  of  the  ‘‘protein  enzymes” 
(pepsin,  trypsin,  catalase  and  carbonic  anhydrase)  also 
occurs.  The  details  of  the  reactions  which  lead  to  the 
synthesis  of  such  specialized  proteins  and  protein  deriv¬ 
atives  are  not  as  yet  clearly  understood. 

After  the  needs  of  the  cells  for  these  two  purposes 
have  been  met,  an  excess  of  amino  acids  may  still  remain 

13.  Van  Slyke,  D.  D. :  The  Present  Significance  of  the  Amino  Acids 
in  Physiology  and  Pathology,  Arch.  Int.  Med.  19:56-78  (Jan.)  1917; 
Physiology  of  the  Amino  Acids,  Science  95:  259-263  (March  13)  1942. 
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ill  the  cells.  The  fate  of  this  amino  acid  fraction  is 
deamination— removal  of  the  nitrogenous  portion  of  the 
molecule— and  utilization  of  the  non-nitrogenous  por¬ 
tion,  since  in  contrast  to  fat  and  carbohydrate  storage 
of  protein  or  amino  acids  for  any  considerable  time 
does  not  appear  to  be  possible.  The  nitrogenous  frac¬ 
tion  of  the  molecule,  split  off  as  ammonia,  is  rapidly 
converted  into  urea  under  normal  conditions  and  is 
eliminated  in  this  form  by  the  kidneys.  The  efficiency 
of  this  transformation  is  demonstrated  by  the  fact  that 
normally  systemic  blood  contains  less  than  0.1  mg.  of 
ammonia  nitrogen  per  hundred  cubic  centimeters,  while 
the  urea  content  of  normal  blood  calculated  as  urea 
nitrogen  is  approximately  17  mg.  per  hundred  cubic  cen¬ 
timeters.  The  non-nitrogenous  residue  which  remains 
after  deamination  may  either  be  transformed  into  dex¬ 
trose  and  used  in  this  forffi,  the  antiketogenic  fraction 
of  the  protein  molecule,  or  be  converted  to  fatty 
acids,  the  ketogenic  fraction  of  the  protein  molecule. 
Whether  the  non-nitrogenous  residue  is  converted 
to  dextrose  for  utilization  in  that  form  depends  on  the 
chemical  structure  of  the  original  amino  acid.  In  gen¬ 
eral  one  may  say  that  about  half  of  the  amino  acids 
present  in  the  molecule  of  any  individual  protein  may 
give  rise  to  dextrose  in  intermediary  metabolism. 

Physiologic  and  nutritional  studies  alike  have  empha¬ 
sized  the  role  of  the  amino  acids  as  structural  elements, 
the  building  stones  of  living  protoplasm.  What  are  the 
amino  acid  requirements  for  the  construction  of  new 
cells  ?  Are  all  the  amino  acids  of  equal  importance  in 
nutrition  ?  These  questions  have  been  answered  in  part 
by  the  studies  of  Rose,  which  were  based  on  the  pioneer 
work  of  Hopkins  and  of  Osborne  and  Mendel.  It 
should  be  emphasized  that  the  discussion  immediately 
following  concerns  the  requirements  for  growth  of  one 
species,  the  white  rat.  Rose  first  demonstrated  that 
It  was  possible  to  obtain  normal  growth  of  young  white 
rats  when  the  protein  element  of  the  diet  was  supplied 
by  a  mixture  of  chemically  pure  amino  acids,  which 
included  those  acids  known  to  be  of  general  occur¬ 
rence  in  the  protein  molecule.  The  effect  of  the 
removal  of  the  various  individual  amino  acids  from  this 
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mixture  was  then  studied.  The  al)sence  of  certain 
acids^  from  the  diet  resulted  in  impaired  growth  or  in 
some  cases  considerable  losses  in  weight  and  ultimately 
death.  These  amino  acids,  designated  as  essential, 
could  not  be  synthesized  by  the  rat  and  had  to  be  sup¬ 
plied  in  the  diet  in  adequate  amounts  or  nutritive  failure 
resulted.  The  withdrawal  of  other  amino  acids  did  not 
influence  the  rate  of  growth.  These  amino  acids,  the 
nonessential  amino  acids,  must  therefore  be  synthesized 
in  the  body  at  a  speed  commensurate  with  the  needs 
for  normal  growth.  In  tables  2  and  3  are  presented 
Rose’s  most  recent  classification  of  the  amino  acids  on 
this  basis.  It  has  been  possible  in  still  further  studies 
to  obtain  growth  in  rats  fed  a  mixture  of  the  ten  essen- 

Table  2. — The  Amino  Acids  Essential  for  Growth  of  the 

White'  Rat 


Amino  Acid  Characteristic  Chemical  Grouping 

Threonine .  Hydroxy  group  on  4  carbon  chain 

Valine .  5  carbon  branched  chain 

Leucine .  6  carbon  branched  chain 

Isoleucine .  6  carbon  branched  chain 

Lysine .  2  amino  groups  on  6  carbon  chain 

Histidine .  Imidazole  nucleus 

Tryptophan .  Indole  nucleus 

Phenylalanine .  Benzene  nucleus 

Methionine .  Methyl  thiol  group 

Arginine  * .  Guanido  group 


*  Arginine  has  a  special  position,  as  discussed  in  the  text. 


tial  amino  acids  listed  in  table  2  with  the  omission  of  all 
the  acids  listed  as  nonessential.  When  this  essential 
amino  acid  mixture  was  fed  at  a  level  of  11.2  per  cent 
of  active  amino  acids  normal  growth  was  observed,  and 
at  the  low  level  of  5.8  per  cent  slow  growth  occurred. 
In  the  group  of  essential  amino  acids  arginine  occupies 
a  unique  position.  Growth  is  possible  in  the  absence  of 
this  amino  acid  from  the  diet,  but  the  rate  of  growth 
is  distinctly  less  than  when  arginine  is  supplied.  Rose 
has  defined  an  indispensable  dietary  component  as  “one 
which  cannot  be  synthesized  by  the  animal  organism, 
out  of  the  materials  ordinarily  available  at  a  speed  com¬ 
mensurate  with  the  demands  for  normal  growth.”  If 

15.  Rose,  W.  C.,  and  Fierke,  S.  S.:  The  Relation  of  Aspartic  Acid 
and  Glucosamine  to  Growth,  J.  Biol.  Chem.  143:  1 15-120  (March)  1942. 

16.  Rose,  W.  C.:  The  Nutritive  Significance  of  the  Amino  Acids, 
Physiol.  Rev.  18:  109-136  (Jan.)  1938.  Sentence  quoted  is  on  page  129. 
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this  definition  is  accepted,  arginine  is  classed  as  essen¬ 
tial.  This  classification  of  amino  acids  is  one  based  on 
the  growth  requirements  of  rats.  Whether  modifications 
must  be  made  when  requirements  for  pregnancy,  lacta¬ 
tion  or  maintenance  are  under  consideration  remains  to 
be  determined.  The  possibility  of  species  dififerences 
must  also  be  considered.  It  is  known  that  many  of  the 
amino  acids  are  essential  for  the  growth  of  the  young 
chick.  Glycine,  however,  which  can  be  synthesized  by 
the  rat,  appears  to  be  an  indispensable  amino  acid  for 
the  chick.^^  The  limited  data  available  suggest  that  from 
the  qualitative  standpoint  the  amino  acid  requirements 
of  the  white  rat  and  of  man  are  similar.  Holt  and  his 
co-workers  have  studied  the  effects  of  the  withdrawal  of 

Table  3. — Amino  Acids  Not  Essential  for  Growth  of  the 

White  Rat 


Glycine  Hydroxyglutamic  acid 


Alanine 

Serine 

Cystine 


Citrulline 


Proline  * 

Hydroxyproline  • 
Hydroxylysine  * 
Glutamic  acid  • 


Aspartic  acid 

I'yrosine 

Norleucine 


*  In  his  most  recent  summary,  Rose  is  did  not  include  these  four 
amino  acids  among  those  whose  nonessential  character  is  definitely 
proved.  Earlier  work,  however,  indicated  that  they  were  dispensable 
dietary  components. 


lysine,^®  tryptophan  and  arginine  from  the  diet  of 
tlie  adult  human  being.  The  subjects  were  fed  diets 
on  which  maintenance  of  nitrogenous  equilibrium  was 
possible.  When  eithei  of  the  first  two  ammo  acids 
was  removed  from  the  diet,  nitrogen  was  lost  from  the 
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body,  i.  e.,  negative  nitrogen  balances  were  obtained. 
When  the  missing  amino  acids  were  restored  to  the 
diet,  nitrogenous  equilibrium  was  again  obtained.  These 
observations  represent,  so  far  as  I  know,  the  first  con¬ 
vincing  demonstrations  of  the  essential  nature  of  specific 
amino  acids  in  man.  Of  particular  interest  was  the 
finding  that  when  arginine  was  removed  from  the  diet 
the  number  of  spermatozoa  in  the  seminal  plasma  was 
greatly  reduced.  After  the  restoration  of  arginine  to  the 
diet,  the  content  of  spermatozoa  returned  to  normal. 
Since  the  testicular  tissue  of  certain  fish  is  known  to 
be  exceedingly  high  in  its  content  of  arginine,  the  authors 
interpret  these  findings  to  indicate  that  a  temporary 
deficiency  of  arginine  may  be  met  in  man  by  atrophy  of 
the  spermatogenic  tissue  and  conclude  that  arginine  also 
is  a  human  dietary  essential.  So  far  as  I  know,  no  anal¬ 
yses  of  the  arginine  content  of  human  spermatozoa  are 
available.  These  experiments,  which  had  as  one  ol  their 
objectives  “to  discover  whether  deficiencies  of  particular 
amino  acids  produced  characteristic  pathological  changes 
which  could  be  recognized  by  clinical  or  laboratory 
technics,”  are  of  great  importance,  and  further  details 
should  prove  of  unusual  interest. 

In  preliminary  reports,^®**  Rose  and  co-workers  have 
shown  that  in  healthy  young  men,  nitrogen  balance 
could  be  established  and  maintained  on  a  level  of  nitro¬ 
gen  consumption  of  7.02  Gm.  daily,  more  than  95  per 
cent  of  the  nitrogen  of  the  diet  being  in  the  form  of 
a  mixture  of  the  ten  amino  acids  known  to  be  indis¬ 
pensable  for  animals.  It  was  thus  demonstrated  that 
the  twelve  amino  acids,  previously  shown  to  be  dis¬ 
pensable  for  rats  and  dogs,  are  also  dispensable  for 
man.  When  valine,  methionine,  threonine,  leucine,  iso¬ 
leucine,  or  phenylalanine  were  removed  from  the  mix¬ 
ture  of  amino  acids  fed,  prompt  changes  to  negative 
nitrogen  balances  resulted.  Thus  the  role  of  these  six 
amino  acids  as  indispensable  dietary  components  for 
man  is  established.  The  removal  of  histidine  from 
the  mixture  of  amino  acids  did  not  influence  the  nitro¬ 
gen  balance.  Hence  it  is  concluded  that  histidine  is 
probably  not  necessary  for  maintenance  of  nitrogen 

20a.  Rose,  W.  C.;  Haines,  W.  J.,  and  Johnson,  J.  E. :  The  Role  of 
the  Amino  Acids  in  Human  Nutrition,  J.  Biol.  Chem.  146  :  683-684 
(Dec.)  1942.  Rose,  W.  C. ;  Haines,  W.  J.;  Johnson,  J.  E.,  and  Warner, 
1).  T. :  Further  Experiments  oh  the  Role  of  the  Amino  Acids  in  Human 
Nutrition  J  Biol.  Them.  148:457-458  (May)  1943. 
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e(|uilil)riuiii  in  human  subjects.  Holt  and  associates 
have  also  studied  experimental  human  deficiencies  of 
methionine  and  of  C3^stine. 

While  experimental  evidence  is  not  available  in  most 
cases,  it  seems  clear  that  the  rat  is  able  to  synthesize 
the  dispensable  amino  acids  if  these  are  not  supplied 
ill  the  diet.  The  tissue  protein  synthesized  during 
growth  in  such  experiments  must  be  assumed  to  be 
of  a  type  normal  and  characteristic  of  the  species,  since 
it  is  considered  axiomatic  that  “the  tissues  either  fonn 
a  typical  protoplasmic  product,  or  none  at  all.”  In 
the  case  of  the  sulfur-containing  amino  acids,  the  evi¬ 
dence  seems  clear  that  the  dispensable  cystine  may  be 
synthesized  from  the  essential  methionine.^^ 

The  function  of  the  essential  amino  acids,  other  than 
for  the  construction  of  new  protoplasm,  is  not  clear. 
Studies  of  the  relation  of  the  essential  amino  acids  to 
the  maintenance  of  adult  animals  are  not  extensive. 
It  seems  probable,  however,  that  most  of  the  amino 
acids  which  are  required  for  growth  will  be  demon¬ 
strated  to  be  essential  for  the  maintenance  of  adult 
animals.  Methionine  is  a  precursor  of  cystine,  an 
amino  acid  important  in  the  molecule  of  the  proteins 
of  epidermal  structures  and  also  of  certain  hormones, 
particularly  insulin,  in  the  molecule  of  which  12  per 
cent  of  cystine  is  present  and  no  methioniire.^^  Methio¬ 
nine  also  supplies  methyl  groups  for  the  synthesis  of 
choline,  a  dietary  essential,  and  of  creatine,  important 
for  maintenance  of  muscle  function.^-^  Phenylalanine 
presumably  furnishes  the  nucleus  for  the  synthesis  of 
thyroxine,  the  iodine-containing  amino  acid  present  in 
the  specialized  physiologically  active  thyroglobulin  of 
the  thyroid,  and  of  epinephrine,  the  endocrine  principle 


20b.  Albanese,  A.  A.;  Holt,  L.  E.,  Jr.:  Brumback  T  T?  T.-  .  - 
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of  the  adrenal  medulla.  Histidine  may  be  decarbox- 
ylated  to  yield  histamine,  the  amine  whose  biologic  role 
seems  demonstrated.^®  Arginine  is  believed  to  supply 
the  amidine  group  for  the  synthesis  of  creatine.^®  Spe¬ 
cific  functions  for  the  other  essential  amino  acids  are  yet 
to  be  suggested. 

Important  as  these  observations  concerning  the  essen¬ 
tial  nature  of  certain  amino  acids  are,  it  should  be 
borne  in  mind  that  it  is  unlikely  that  physiological 
economy  is  to  be  achieved  by  the  exclusive  use  of 
these  amino  acids  as  a  source  of  dietary  nitrogen.  The 
mixture  of  amino  acids  as  they  occur  in  the  protein  of 
the  foodstuffs  is  still  to  be  regarded  as  the  optimal 
source  of  the  amino  acids  required  for  the  synthesis 
of  tissue  protein.  That  it  may  be  desirable  to  exclude 
a  specific  amino  acid  or  acids  from  the  diet  of  the 
individual  in  some  definite  pathological  condition  is  not 
improbable  but  as  yet  no  experimental  evidence  is  avail¬ 
able  to  support  such  a  suggestion. 

An  important  application  of  the  observations  that 
properly  chosen  mixtures  of  amino  acids  may  replace 
proteins  in  nutrition  has  been  the  clinical  use  of  protein 
hydrolysates,  prepared  for  the  most  part  by  enzymatic 
action  on  proteins  in  vitro.  These  preparations  may 
be  administered  either  orally  or  parenterally.  The 
utilization  of  intravenously  injected  amino  acids  over 
a  considerable  period  was  first  demonstrated  by  Hen- 
riques  and  Anderson  in  experiments  with  a  goat. 
The  clinical  use  of  such  protein  hydrolysates  has  been 
studied  extensively  by  Elman  and  others."®  Intra¬ 
venous  administration  of  protein  hydrolysates  has  been 
shown  to  be  beneficial  when  feeding  by  mouth  is  not 
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possible  or  is  inadvisable.  Since  hydrolysis  destroys 
die  biologic  specificity  of  the  native  proteins,  protein 
hydrolysates  orally  administered  have  proved  of  value 
in  supplying  nitrogen  to  persons  with  severe  foo 
allergies.®"  Whipple  and  his  co-workers  have  demon¬ 
strated  that  protein  hydrolysates  may  function  effec¬ 
tively  in  the  restoration  of  plasma  protein  in  dogs  whose 
reserve  of  tissue  and  plasma  proteins  have  been  deplete 
by  bleeding.®^’  ®^“  Clinical  use  of  such  hydrolysates 
when  plasma  is  not  readily  available  may  becoine 
important.  The  role  of  amino  acids  in  the  formation 
of  hemoglobin  has  also  been  the  subject  of  study, 

The  problem  of  the  amount  of  protein  which  is 
essential  or  optimal  in  the  diet  of  man  has  received 
much  study.  Many  excellent  critical  summaries  are 
available.®®  Two  general  methods  of  approach  to  this 
problem  have  been  followed:  1.  The  endogenous  pro¬ 
tein  metabolism  has  been  determined  experimentally, 
since  by  many  investigators  ®®  the  basal  or  maintenance 
requirement  for  protein  is  considered  to  be  identical 
with  this  fraction.  2.  In  the  statistical  approach,  the 
quantity  of  protein  in  the  diet  of  well  nourished  middle 
class  racial  groups  has  been  estimated.  Since  these 
diets  are  usually  not  on  the  level  of  luxus  consumption, 
it  is  believed  that  they  may  afford  safe  indexes  of 
desirable  national  nutrition. 

It  is  usually  accepted  that  luxus  consumption  of  pro¬ 
tein  over  prolonged  periods  is  of  no  permanent  value 
to  the  adult  organism,  since  in  contrast  to  fat  and 
carbohydrate,  protein  and  its  building  stones,  the  amino 
acids,  are  not  stored.  This  is  seen  in  the  state  of 

30.  Hill,  L.  W.:  Amino  Acids  as  a  Source  of  Nitrogen  for  Allergic 
Infants,  J,  A.  M.  A.  116:  2135-2136  (May  10)  1941. 
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31a.  Robscheit-Robbins,  Frieda  S.;  Miller,  L.  L.,  and  Whipple,  G.  H.: 
Hemoglobin  and  Plasma  Protein.  Simultaneous  Production  During  Con¬ 
tinued  Bleeding  as  Influenced  by  Amino  Acids,  Plasma,  Hemoglobin  and 
Digests  of  Serum,  Hemoglobin  and  Casein,  J.  Exper.  Med.  77:  375-396 
(April)  1943. 

31b.  Robscheit-Robbins,  Frieda  S.:  Amino  Acids  in  Hemoglobin 
Formation,  Federation  Proc.  1:  219-224  (April)  1943. 

32.  Terroine,  E.:  The  Protein  Component  of  the  Human  Diet,  Quart. 

Bull.,  Health  Organisation,  League  of  Nations  5:  427-492  (Sept  )  1936 
Leitch,  I.,  and  Duckworth,  J.:  The  Determination  of  the  Protein  Require- 
ments  of  Man,  Nutrition  Abstr.  &  Rev.  7:  257-267  (Oct.)  1937  Garrv 
and  Stiven.^®  Morris. Cuthbertson.®®  '  ^ 


28 


HOWARD  B.  LEWIS 


nitrogenous  equilibrium  or  balance.  If  the  dietary 
protein  of  a  normal  adult  is  adequate,  the  nitrogen  of 
the  diet  (chiefly  protein  nitrogen)  is  equal  to  the  nitro¬ 
gen  of  the  excreta  (mainly  the  nitrogen  of  the  urine). 
If  to  the  diet  of  such  a  person  increased  amounts  of 
protein  are  added,  there  is  a  sharp  increase  in  the 
nitrogenous  waste  products  of  the  urine  (largely  urea, 
derived  from  protein  catabolism),  and  within  a  rela¬ 
tively  short  time  nitrogenous  equilibrium  is  again 
obtained  but  at  a  higher  level  of  excretion.  If  new 
protein  is  being  synthesized  in  the  body  (growth,  preg¬ 
nancy  and  lactation),  the  nitrogen  excreted  is  less  than 
that  of  the  diet  and  the  subject  is  said  to  be  in  positive 
nitrogen  balance.  When  the  nitrogen  excreted  is 
greater  than  the  dietary  nitrogen,  a  condition  of  nega¬ 
tive  balance  is  obtained.  This  indicates  an  inadequate 
intake  of  dietary  protein  or  an  excessive  breakdown 
of  body  protein  associated  with  disease. 

The  level  of  endogenous  nitrogen  protein  metabolism 
may  be  obtained  by  a  consideration  of  the  nitrogen 
excretion  of  an  adult  maintained  on  a  diet  high  in 
its  content  of  fat  and  carbohydrate  but  containing  no 
protein.  Experimentally  this  has  been  found  to  approx¬ 
imate  3  Gm.  a  day  for  a  man  weighing  70  Kg.,  or  about 
20  Gm.  of  protein. There  is,  however,  evidence  that 
to  provide  a  safe  allowance  for  health,  protein  in  excess 
of  the  requirements  for  maintenance  is  essential.  It  is 
argued  that  excessive  consumption  of  protein  imposes 
a  burden  on  the  organism  and  is  likely  to  be  harmful. 
The  proponents  of  the  high  protein  diet,  on  the  other 
hand,  argue  that  a  surplus  of  protein  rhay  have  a 
beneficial  effect  on  health  and  well-being  and  cite 
studies  of  racial  groups  which  indicate  that  physical 
efficiency  and  health  can  be  related  directly  to  the  intake 
of  protein  and  particularly  of  animal  protein.  The  high 
l)rotein  diet  of  the  Eskimo,  in  which  the  protein  is 
obtained  almost  entirely  from  meat,  does  not  appear 
to  have  resulted  in  a  high  incidence  of  renal  disease 
in  this  group.®^  The  careful  studies  of  the  metabolism 
of  2  Arctic  explorers  who  lived  for  a  year  in  the  tem¬ 
perate  zone  on  a  diet  of  meat  only  are  of  particular 

33.  Martin,  C.  J.,  and  Robinson,  R. :  The  Minimum  Nitrogen  Expendi¬ 
ture  of  Man  and  the  Biologic  Value  of  the  Various  Proteins  for  Human 
Nutrition,  Biochem.  J.  16:  407-447,  1922.  ^erroine.** 

34.  Rabinowitch,  I.  M.:  Clinical  and  Oth^  Observations  on  Canadian 
pskimos  in  the  Eastern  Arctic,  Canad.  M.  A.  J.  34;  487-501  (May)  1936. 
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interest.^'’  It  must  be  remembered,  however,  that  in 
studies  of  human  populations  the  protein  element  is 
only  one  of  many  factors  in  health  and  that  it  is  diffi¬ 
cult  to  assess  the  role  of  dietary  protein  alone  without 
many  greatly  extended  studies.®® 

Outstanding  among  the  pathologic  conditions  which 
have  been  associated  with  prolonged  ingestion  of  a 
diet  inadequate  in  its  protein  content  is  nutritional 
edema  (known  also  as  war  or  starvation  edema),  which 
has  been  observed  clinically  in  Europe,  in  the  Orient 
and  in  the  United  States  and  can  be  produced  experi¬ 
mentally  in  animals  maintained  on  a  low  protein  diet.®' 
The  continued  ingestion  of  the  low  protein  diet  results 
in  low  levels  of  plasma  protein  (particularly  the  albumin 
fraction),  and  the  resultant  lowering  of  the  “effective” 
osmotic  pressure  of  the  plasma  is  believed  to  be  the 
cause  of  the  edema. 

This  discussion  indicates  the  desirability  of  caution 
in  the  selection  of  a  standard  protein  level  for  national 
nutrition.  Extremes  are  to  be  avoided.  One  of  the 


first  attempts  to  assess  the  desirable  level  of  protein  of 
the  diet  by  the  statistical  approach  was  that  of  Voit. 
In  a  study  of  the  diets  of  the  average  laborer  in  Ger¬ 
many  a  daily  consumption  of  118  Gm.  of  protein  was 
observed.  So  great  was  the  prestige  of  Voit  that  this 
standard  allowance  of  dietary  protein  was  accepted 
without  serious  challenge  for  a  quarter  of  a  century. 
Chittenden  of  Yale  and  Hindhede  of  Copenhagen  in 
the  early  part  of  the  present  century  held  that  the  “Voit 
standard”  diet  supplied  an  excessive  amount  of  protein 
and  that  a  lower  level  was  desirable.  It  is  not  neces¬ 
sary  to  enter  into  the  details  of  the  controversy  between 
the  advocates  of  the  low  and  high  protein  diet  a  con¬ 
troversy  which  IS  excellently  and  impartially  presented 
m  the  classic  text  of  Graham  Lusk.^*  Sherman,  after 
a  careful  consideration  of  the  acceptable  balance  experi- 
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merits  with  human  beings,  in  which  nitrogen  equilibrium 
was  established  at  low  levels  of  dietary  protein,  con¬ 
cluded  that  “a  standard  allowance  of  1  Gm.  of  protein 
per  kilo  of  body  weight  per  day  appears,  therefore, 
to  provide  a  margin  of  safety  of  50  to  100  per  cent 
as  far  as  requirements  of  adult  maintenance  are  con¬ 
cerned.”  This  standard  for  adult  maintenance  has  been 
accepted  almost  universally,  while  the  need  for  larger 
amounts  of  protein  in  diets  of  growing  children  and 
of  pregnant  and  lactating  women  is  clearly  recognized. 
The  recently  adopted  standards  for  national  nutrition, 
as  proposed  by  the  Food  and  Nutrition  Board  of 
the  National  Research  Council,  provide  for  70  Gm. 
of  protein  a  day  in  the  diet  of  a  man  weighing  70  Kg. 
and  60  Gm.  of  dietary  protein  for  a  woman  weighing 
56  Kg. 

Estimates  of  the  increased  requirements  for  protein 
during  pregnancy  and  lactation  vary  greatly.^®  The 
protein  requirement  per  kilogram  of  body  weight  is 
high  in  infancy  and  decreases  as  growth  occurs  until 
after  puberty,  when  the  adult  requirements  only  are 
necessary.  The  desirable  amount  of  dietary  protein 
is  estimated  to  vary  from  4  Gm.  per  kilogram  a  day 
at  1  to  3  years  to  2  Gm.  at  17  to  18  years.  The  neces¬ 
sity  of  protein  with  high  biologic  value,  such  as  the 
proteins  of  milk,  during  the  period  of  active  growth  can 
hardly  be  overemphasized.  That  increased  muscular 
activity  necessitates  a  larger  intake  of  protein  is  as  yet 
unproved.  Traditionally  the  diet  of  highly  trained 
athletes  and  of  laborers  engaged  in  hard  work,  whose 
calorific  requirements  are  high,  contains  much  meat 
and  supplies  large  amounts  of  protein.^® 

The  preceding  discussion  has  been  concerned  with 
the  quantitative  aspects  of  the  protein  requirements  of 
man.  That  the  dietary  protein  will  be  derived  from 
a  wide  variety  of  foodstuffs  of  both  animal  and  vege¬ 
table  origin  is  assumed.  In  the  United  States,  it  is 
estimated  that  animal  protein  makes  up  at  least  50 
per  cent  of  the  usual  diet.  If  the  variety  of  foodstuffs 
is  limited,  care  must  be  exercised  in  the  selection  of 
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protein.  The  chief  consideration  in  the  choice  of  protein 
must  be  the  furnishing  of  the  essential  amino  acids  to 
be  made  available  to  the  tissues  by  digestion.  Since 
the  optimal  mixture  of  the  essential  amino  acids  for 
the  nutrition  of  man  is  not  yet  known,  the  diet  must 
supply  all  the  known  essential  amino  acids  in  liberal 
amounts.  Animal  proteins  usually  have  a  greater  bio¬ 
logic  value  than  do  the  proteins  of  vegetable  origin. 
Thus  zein,  one  of  the  proteins  of  the  maize  kernel, 
contains  no  lysine  or  tryptophan,  two  important  essen¬ 
tial  amino  acids.  When  the  diet  is  derived  exclusively 
from  plant  materials,  more  protein  must  be  eaten.  A 
notable  exception  is  gelatin.  This  protein,  a  product 
of  food  technology  and  derived  from  collagen,  com¬ 
pletely  lacks  at  least  two  essential  amino  acids,  valine 
and  tryptophan,  and  contains  little  tyrosine  and  cystine, 
amino  acids  which,  while  not  essential,  may  be  impor¬ 
tant  in  nutrition.  Gelatin  supplies  a  mixture  of  amino 
acids,  which  is  inadequate  if  used  as  the  sole  or  chief 
source  of  these  tissue-building  stones.  The  recent 
claims  for  the  superior  food  value  of  gelatin  require 
further  and  more  careful  study.^^  The  excellent  quality 
of  the  mixture  of  proteins  present  in  milk  is  notable. 

Carbohydrates  spare  body  protein.  The  breakdown 
of  body  protein  is  significantly  increased  if  the  supply 
of  the  energy-producing  foods  and  particularly  of  carbo- 
hydrates  is  not  ample.  The  consideration  of  the  total 
calorific  value  of  the  diet  is  of  special  importance  when 
the  diet  IS  low  m  its  protein  content,  as  are  certain 
diets  prescribed  for  therapeutic  purposes.  Diets  of  high 

of  protei“”‘“‘ 

It  is  known  that  in  the  case  of  certain  essential 
elements  present  in  food  (notably  the  vitamins)  the 
nutritive  value  inay  be  influenced  by  preservation,  proc¬ 
essing  and  cooknng.«  Thus  the  nufritive  values  of  a 

marlt  be  Tsaf'*'  '“’^lysis 

may  not  be  a  safe  guide  to  its  value  when  nreuared 

for  consumption  Since  foodstuffs  which  are  impo^rtant 

sources  of  protein  are  seldom  consumed  in  the  rTw  stltl 

possible  changes  due  to  heat  must  be  considered  pfen 
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mild  heat  of  pasteurization.  The  evidence  in  the  case 
of  i)roteins  is  conflicting.  The  biologic  value  of  the 
protein  of  certain  legumes  is  believed  to  be  increased 
by  cooking,  while  the  nutritive  value  of  some  other 
proteins  (meat,  casein  and  milk  products)  appears  to 
be  lowered  by  heat.^®  A  detailed  discussion  is  not 
possible  here.  Whether  such  changes  are  sufficiently 
extensive  to  be  of  practical  significance  remains  to  be 


determined. 

No  discussion  of  recent  developments  in  protein 
metabolism  can  neglect  the  mention  of  the  experiments 
of  Schoenheimer  in  which  isotopic  nitrogen  (N^)  has 
been  used  as  a  marker.  These  experiments  indicate 
that  a  “rapid  and  continuous  chemical  regeneration  of 
the  cell  proteins  is  a  general  characteristic  of  living 
matter,”  but  despite  this  striking  and  continuous  chem¬ 
ical  activity  of  the  organ  proteins  it  is  believed  that 
these  processes  “lead  to  no  final  quantitative  or  qu^ita- 
tive  changes”  in  the  composition  of  the  tissues."^  This 
is  in  confirmation  of  the  older  belief  in  the  constancy 
of  composition  of  the  structural  elements  of  protoplasm. 
While  the  observations  of  Schoenheimer  and  his  group 
are  of  great  physiologic  significance,  it  is  not  believed 
that  at  present  they  suggest  any  changes  m  the  current 
practices  of  dietetics  so  far  as  concerns  protein. 

Karl  Thomas  in  1929  thus  summarized  the  unsolved 
problems  of  the  liiologic  value  of  protein  ;  • 
need  to  know  is  :  1.  Which  ammo  acids  must  be  present 
in  the  food,  2.  How  much  we  require  of  each,  d.  And 
to  what  purpose.”  Today,  after  more  than  a  decade 
of  intense  interest  and  research  in  protein  m«‘abol,srn 
these  Questions  still  epitomize  the  problem  of  the  role 
o  proteTns  ?n  nutrition.  When  tliey  can  be  answered 

exaX  the  role  of  protein  in  the  diet  will  be  known 
and  one  will  be  able  to  determine  the  d-eWry  '-alue 
every  mixture  of  proteins  in  natural  foodsturts. _ 
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ROLE  OF  FAT  IN  THE  DIET 
W.  R.  BLOOR,  Ph.D 

ROCHESTER,  N.  Y. 

Fat  is  used  biologically  mainly  as  a  source  of  energy 
and  as  a  constituent  of  the  body  tissues.  It  has  minor 
functions,  such  as  carrying  important  accessory  sub¬ 
stances.  Weight  for  weight,  fat  supplies  about  twice 
the  energy  of  the  other  staple  organic  foods,  carbo¬ 
hydrate  and  protein.  It  is  an  essential  in  the  structure 
and  functions  of  all  tissues  and  especially  of  the  brain 
and  nerves.  The  natural  fats  contain  many  of  the  vita¬ 
mins  which  are  necessary  for  the  growth,  maintenance 
and  well-being  of  animals  and  probably  plants  as  well. 
Fats  serve  passively  as  heat  insulation  under  the  skin, 
as  padding  to  keep  the  bodily  organs  and  blood  vessels 
and  nerves  in  place,  and  for  rounding  out  the  angular 
contours  of  the  bodily  structure.  They  constitute  the 
most  important  form  of  stored  energy  for  tiding  the 
animal  over  through  periods  of  food  scarcity  and  for 
transmitting  to  the  offspring,  as  milk  or  egg,  food  mate¬ 
rial  to  serve  until  the  young  animal  can  forage  for  itself. 
Most  fats  are  readily  synthesized  by  animals  from  other 
foods  but  there  are  certain  important  exceptions,  fatty 
acids,  which  must  be  supplied  in  the  food  and  the 
lack  of  which  produces  the  fat  deficiency  disease.  Fat 
is  thus  an  important  source  of  energy  both  immediate 
and  remote.  As  ordinarily  used,  mixed  with  consider¬ 
able  other  food,  it  is  completely  and  easily  digested  and 
used.  When  used  alone  or  when  it  is  the  main  food 
constituent  of  the  diet,  it  is  less  well  used  and  may 
cause  important  disturbances  in  the  organism. 

The  proper  understanding  of  the  part  taken  by  fat 
m  the  life  processes  of  animals  requires  a  consideration 
of  the  chemical  nature  of  fat  and  its  various  related 
substances  and  the  changes  which  they  undergo  in  their 
use  by  animals.  The  characteristic  constituents  of  the 
group  comprising  the  food  and  body  fats  and  related 
substances  (ordinarily  grouped  under  the  name  of 
lipids)  are  the  fatty  acids.  These  are  monobasic 
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straight  chain  acids,  two  to  twenty-four  or  more  carbon 
atoms  in  length,  some  of  them  with  from  one  to  six 
imconjugated  double  bonds  per  molecule.  The  com¬ 
monest  ones  in  both  food  fat  and  body  stores  are 
palmitic  (CieHggOa),  oleic  (CigHg^Oo)  and  stearic 
(CigHgeOa)  acids  with  Hnolic  (CigHgoGa)  and  palmito- 
leic  (CieHgoOg)  close  seconds  and  a  variety  of  others 
mostly  confined  to  some  tissue  or  fluid  in  the  organism. 
Some  of  these  are  butyric  (C4H8O2)  found  in  milk  fat, 
arachidonic  (CaoHgoOg)  in  brain,  liver,  muscle  and 
other  tissues,  lignoceric  (C24H48O2)  in  brain  and  nerve, 
and  cerebronic  (C24H48O3),  a-hydroxylignoceric,^  in 
brain.  For  the  complete  list  and  for  other  detailed 
information  regarding  classification  of  the  fatty  acids 
and  their  compounds,  the  reader  is  referred  to  the 
numerous  good  textbooks  of  biochemistry. 

Melting  points  of  the  fatty  acids  depend  on  the  length 
of  chain  and  on  the  number  of  double  bonds.  The 
longer  the  chain  the  higher  the  melting  point,  while 
double  bonds  lower  the  melting  point.  Thus  stearic 
acid  (C18H30O2),  a  long  chain  saturated  acid,  has  a 
melting  point  of  69.5  C.,  while  lauric  acid  (C12H24O2) 
melts  at  43.6  C.  and  oleic  acid  (C18H34O2),  correspond¬ 
ing  to  stearic  acid  but  with  one  double  bond,  has  a 
melting  point  of  14  C.,  the  double  bond  lowering  the 
melting  point  about  55  degrees  C.  Since  the  melting 
points  of  the  constituent  fatty  acids  determine  the  melt¬ 
ing  points  of  the  fats  and  since  the  stored  fat  must  be 
kept  fluid  while  the  animal  is  alive,  there  is  often  a 
careful  adjustment  of  the  fatty  acid  mixture  in  the 

fat  stores.  . •  • 

The  fatty  acids  exist  in  various  types  of  combination 
in  the  animal  body.  Most  common  of  these  is  that 
of  the  fats,  also  called  neutral  fats,  which  are  tiiglycer- 
ides  of  the  fatty  acids.  These  are  compounds  in  which 
the  trihydroxy  alcohol  glycerin  is  combined  in  estei 
combination  with  three  fatty  acids.  In  nature  these 
three  fatty  acids  are  rarely  the  same.  Often 
different  fatty  acids  are  found  and  in  general  (Hil- 
(litch’s  rule)  ^  there  will.be  as  great  a  variety  of  fatty 
acids  in  the  triglyceride  molecule  as  are  available  to 
the  animal  at  the  time  the  fat  was  synthesized.  The 

1.  Klenk,  E. :  Ueber  die  Cerebronsaure,  Ztschr.  f.  physiol.  Chem. 
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selection  is  also  controlled  by  the  necessity  of  a  balance 
between  saturated  and  unsaturated  acids  or  perhaps  by 
the  requirement  that  the  completed  triglyceride  have 
a  melting  point  not  far  from  the  body  temperature  of 
the  animal.  The  fact  that  these  esters  as  well  as  the 
fatty  acids  themselves  generally  have  two  and  some¬ 
times  more  melting  points  some  distance  apart  and 
that  they  can  be  kept  in  a  greatly  supercooled  condition 
for  long  periods  of  time  are  facts  which  require  some¬ 
thing  more  complicated  than  the  simple  triester  type 
of  formula.  Evidence  points  to  the  occurrence  of  these 
esters  in  several  polymorphic  forms.® 

The  formula  for  a  typical  fat  unit  is 


O-CC/5  pd/mftic  dCfd 

1 1  o, 

o/€(C  dc#c/ 

"1  q. 

CHp-O-CC/y  Hjj  o/eic  acre/ 

Typical  fdt 

which  vvould  be  called  palmitodiolein.  The  naturally 
occurring  fats  generally  contain  several  varieties  of 
such  units. 

In  all  living  organisms  fatty  acids  occur  in  several 
types  of  combination  in  addition  to  that  in  the  fats 
and,  since  these  compounds  are  now  believed  to  be 
either  stages  m  the  progress  of  the  fats  through  the 
processes  of  metabolism  or  important  constituents  of 
the  living  cells  it  is  necessary  to  include  them  in  the 
discussion  These  compounds  include  the  pliosphor- 
y  ated  fats  or  phospholipids,  found  everywhere  in 
animal  tissues,  the  cerebrosides,  which  contain  a  sugar 
in  fatty  acid  combination,  found  in  the  brain  and  nerves 
and  cholesterol  which  always  occurs  along  with  the 

with  d^rfat  ^  ^'■7  ester  combination 

pVa  n^  •'  eholesterol  esters  of  blood 


phospholipids 

dhe  phospholipids  or  phosphorvlated  fate  rail 
ex^nded  discussion,  sine'e  th^y  arTfonnected^ll/thhh: 
atty  acids  m  several  stages  of  their  metabolism  and 
e  important  cellular  constituents.  Phosphoric  acid 
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has  long  been  recognized  as  one  of  the  necessary  food 
constituents  of  both  plants  and  animals,  but  only 
recently  has  light  been  thrown  on  just  why  it  is  so 
necessary.  Thus  the  part  which  it  takes  in  the  metabo¬ 
lism  of  the  carbohydrates  has  been  well  worked  out, 
and,  although  the  picture  is  incomplete  in  some  details, 
enough  has  been  shown  to  indicate  that  the  phosphoric 
acid  takes  part  in  most  of  the  stages  of  carbohydrate 
metabolism.  In  fat  metabolism  only  the  first  stages 
of  phosphoric  participation  are  known.  There  are  three 
main  types  of  phosphorylated  fats,  the  first  two,  lecithin 
and  cephalin,  being  very  similar  in  composition  while 
the  third  one,  sphingomyelin,  is  quite  different.  Since 
different  fatty  acids  enter  into  each  of  these  compounds, 
there  are  several  members  of  each  group. 

Lecithin  is  believed  to  have  a  composition  repre¬ 
sented  by  the  formula 

Q 

CHg-O-CCi^  Wj/ 

1  Q. 

CH-O-CCff  Ha 

1  9 

CHq-O-P-O-CH^Hq 

O”  HO-Nz(CHj)j 


Palmto  -o/eo  -lecithin 

This  would  be  called  palmito-oleo-lecithin.  As  may 
be  seen,  it  is  an  ordinary  fat  with  one  of  the  fatty  acids 
on  the  glycerin  molecule  replaced  by  phosphoric  acid 
in  combination  with  the  base  choline. 

Cephalin  is  believed  to  differ  from  lecithin  only  in 
the  nature  of  the  base  in  combination  with  the  phos¬ 
phoric  acid,  which  in  this  case  is  either  aminoethyl 
alcohol  (CH^OH.CH^.NH,)  or  its  carboxylated  form 
serine.  There  are  two  forms  of  both  lecithin  and 
cephalin,  the  a  form  in  which  the 
is  on  the  terminal  carbon  of  the  glycerin  and  the  P  form 
in  which  it  is  on  the  middle  carbon.  Both  forms  occur 
in  tissues,  and  it  is  significant  that  a-lecithin  and 
^-cephalin  disappear  during  starvation,  while  the  /5- 
lecithin  and  a-cephalin  persist.'* 

The  third  phospholipid,  sphingomyelin,  as  the  deriva¬ 
tion  ofthejiamejndic^^ 

I.  Biol.  Chem.  143:  473  (Apr.)  1942. 
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stance.  It  is  found  mainly  in  brain  and  nerve  and  in 
small  amounts  in  other  tissues  including  the  blood. 
The  present  accepted  formula  is 


q 

H-N-'C  (CH2)22CHj 

I  9 

C-C-C-C-C-O-P-O-CHgCH^ 
h  k  fi  6  k  Au  , 

k 

Sphirtgofr\y9ltn 


It  would  be  called  lignoceryl-sphingosine-phosphoric- 
acid-choline-ester.  It  is  made  up  of  the  two  bases 
sphingosine,  which  is  an  unsaturated  Cig  chain  with 
one  amino  and  two  hydroxy  groups,  and  choline,  both 
of  which  are  united  to  the  phosphoric  acid  by  ester 
linkages.  It  contains  one  fatty  acid,  ordinarily  the 
saturated  lignoceric  (C24H48O2),  united  with  the  sphin¬ 
gosine  as  an  acid  amide,  and  often  another  fatty  acid 
united  by  an  ester  linkage  with  the  other  hydroxyl 
group.  1  he  fact  that  sphingomyelin  sometimes  con¬ 
tains  two  fatty  acids  and  sometimes  only  one  ®  indicates 
that  it  may  be  of  importance  in  the  transport  of  fatty 
acids.  The  fact  that  the  fatty  acid  in  ester  linkage 
may  be  detached  by  alkaline  hydrolysis  or  by  lipases, 
while  the  amide  linked  fatty  acid  is  not  affected,  is 
of  unknown  significance.  Fragments  of  sphingomyelin, 
e.  g.  lignoceryl  sphingosine,  were  found  by  Thudichum 
in  brain  and  later  by  others  in  liver,®  and  sphingosine 
phosphoric  acid  choline  has  been  reported  in  kidney. 

A  significant  difference  between  the  phospholipids 
and  the  fats  is  that  the  phospholipids  contain  groups 
which  have  a  strong  affinity  for  water  (phosphoric  acid 
and  bases)  which  render  the  phospholipids  miscible 
with  if  not  actually  soluble  in  water.  The  phospho¬ 
lipids  thereby  provide  a  physical  link  between  the  water 
insoluble  fats  and  cholesterol  on  the  one  hand  and  the 
tissues  and  fluids  of  the  animal  body  which  are  either 

sphingosine:  Il.^'^’Zur  Kenntnls  Lignoceryl- 

Saugetierleber.  Ztschr.  f.  physiol.  Chem.  203  "?83,  der 
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branes  and,  because  they  are  intermediate  in  properties 
between  the  water  insoluble  fats  and  the  watery  envi¬ 
ronment,  undoubtedly  serve  to  regulate  the  passage 
of  water  and  water  soluble  material  as  well  as  to 
facilitate  the  passage  of  fat  in  and  out  of  such  cells 
as  those  of  the  intestinal  epithelium,  the  liver  cells  and 
the  cells  of  the  fat  stores.  In  the  intestine  this  passage 
appears  to  be  brought  about  by  processes  of  hydrolysis 
and  resynthesis  in  which  the  phospholipids  take  part, 
and  the  same  may  be  true  in  the  case  of  other  cells. 
One  of  the  impressive  phenomena  of  cellular  processes 
in  general  is  the  ease  with  which  hydrolysis  and  recom¬ 
bination  take  place.  Lecithin  and  sphingomyelin  are 
nearly  neutral  substances,  for  although  they  contain 
strong  acidic  and  basic  groups  these  appear  to  be  inter¬ 
nally  compensated  either  by  union  of  the  opposing 
groups  with  loss  of  water  or  by  the  zwitterion  form. 
Cephalin,  on  the  other  hand,  may  ■  be  titrated  as  a 
monobasic  acid,  since  the  bases  which  it  contains, 
aminoethyl  alcohol  or  serine,  are  too  weak  to  interfere 
with  the  titration  of  the  strongly  acidic  third  hydrogen 
of  the  phosphoric  acid.  Its  acidic  character  gives  it 
the  power  to  combine  with  the  basic  groups  of  proteins 
and  with  metals,  a  fact  which  may  explain  its  impor¬ 
tance  in  such  processes  as  blood  coagulation.  The  fact 
that  cephalin  sometimes  contains  serine  and  sometimes 
the  decarboxylated  base  (aminoethyl  alcohol)  may 
explain  the  fact  that  when  it  is  too  highly  purified  it 
is  no  longer  effective  in  blood  coagulation. 

Lecithin  and  cephalin  exist  in  living  organisms  almost 
entirely  in  the  “complete”  form,  i.  e.,  have  their  full 
complement  of  fatty  acids  and  base.  Under  certain  cii  - 
cumstances  they  may  lose  one  fatty  acid,  becoming 
lysolecithins  and  lysocephalins,  or  they  may  lose  the 
base,  becoming  phosphatidic  acids.  Lysolecithm  and 
lysocephalin  are  highly  dangerous  substances  because,  as 
their  names  indicate,  they  bring  about  extensive  lysis 
and  destruction  not  only  of  red  blood  cells  but  of  tissue 
cells  as  well.  The  increased  affinity  for  water  whic  i 
the  loss  of  one  fatty  acid  confers  makes  them  excellent 
wetting  agents  with  the  result  that,  entering  the  ce 
wall,  they  upset  the  water  balmice  between  cell  and 
fluid,  causing  swelling  and  bursting  of  the  cells.  Much 
of  the  destructive  power  of  some  snake  venoms  is  due 
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to  the  fact  that  they  contain  an  enzyme  which  produces 
these  lyso  compounds.  Phosphatidic  acid  is  not  known 
to  occur  in  animals  but  is  found  in  plant  leaves.'^ 

Sphingomyelin  may  take  on  an  extra  fatty  acid  in 
ester  combination  at  its  second  hydroxyl  group  ®  and, 
since  this  acid  has  been  found  to  be  one  of  the  common 
fatty  acids  (palmitic),  it  seems  likely  that  sphingomye¬ 
lin  takes  a  more  active  part  than  has  been  supposed 
in  the  processes  of  fat  metabolism. 

Lecithin  and  cephalin  in  the  living  organism  appear 
to  be  very  labile  substances,  exchanging  their  fatty 
acids  and  their  phosphoric  acid  with  similar  materials 
coming  in  with  the  food.  The  exchange  of  fatty  acids 
takes  place  rapidly  in  the  intestinal  epithelium ;  in  fact, 
it  appears  that  this  passage  of  fatty  acids  into  and  out 
of  the  framework  of  the  epithelial  phospholipids  is  the 
method  or  an  important  method  of  fatty  acid  absorp¬ 
tion.  Phosphoric  acid  of  the  food  also  has  been  shown 
to  exchange  with  the  phosphoric  acid  of  the  cellular 
phospholipid.  These  exchanges  have  been  satisfactorily 
demonstrated  by  the  modern  use  of  labeled  or  tagged 
fatty  acids  and  phosphorus  as  food.  The  fatty  acids 
used  were  those  of  cod  liver  oil  and  elaidin  by  Sin¬ 
clair, »  the  latter  prepared  by  treatment  of  ordinary 
olive  oil  with  nitrous  acid.  The  phosphorus  used  was 
the  P®-  isotope,  which  is  radioactive  and  has  been  used 
as  a  tracer  substance  in  fat  metabolism  by  several  inves¬ 
tigators,  notably  Chaikoff  and  his  associates,^®  and  in 
this  laboratory  by  Haven.“  Other  labeled  fatty  acids 
which  are  satisfactory  are  those  containing  conjugated 
double  bonds,  either  natural  as  in  tung  oil  or  artificial 


7.  Channra,  H.  J.,  and  Chibnall,  A.  C.:  The  Ether  Soluble  SnI, 
rvT®  Cabbage  Leaf  Cytoplasm:  IV.  Further  ObservSns  on 
Uiglj  ceridephosphonc  Acid,  Biochem.  J.  31;  1112  1927 

XVt'  Reichel,  M.:  Studies  on' Animal  Lipids- 

XVL  Occunence  of  Sphingomyelin  as  a  Mixture 

Passag!'"S'‘‘ElaWi?' Acid^’^.l'^TisIuT  PhofpholiS-‘''''E'' i  '^1’" 

phi?us|^rs'"a.r’  Indica^o?^of  kosjholipid ‘‘'Mltaboli^m'-  ^'‘'''Th 

Formation  and  Destruction  of  Phosnboi;.,irtc  •  Vi  of 

Chem.  123:169  (Dec  )  1937.  ‘he  Fasting  Rat,  J.  Biol. 
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as  produced  by  prolonged  saponification  of  corn  oil. 
These  have  been  used  by  Burr  and  his  associates.^’ 
Rapid  exchanges  were  found  also  in  the  lipids  of 
liver  in  the  case  of  both  fatty  acids  and  phosphoric 
acid  and  considerably  less  rapid  in  muscle  and  most 
other  tissues.  Brain,  nerve  tissue  and  testicle  have 
a  very  slow  exchange.  The  significance  of  these 
exchanges  in  the  tissues  is  not  yet  understood,  but 
they  emphasize  the  fact  that  the  fatty  acid  compounds 
in  tissues  are  quite  labile,  giving  up  or  taking  on  new 
units  according  to  the  supply  from  the  food.  This 
conception  of  ever  labile  compounds  has  been  found 
to  hold  also  for  the  body  proteins  and  is  compatible 
with  the  fact  that  chemical  processes  in  the  animal 
body  must  be  carried  on  without  the  usual  laboratory 
aids  in  bringing  about  chemical  changes,  i.  e.,  heat, 
strong  acids,  bases  or  other  strong  reagents.  The  warm 
blooded  animal  body  is  a  well  regulated  thermostat  kept 
at  about  37°  C.  and  likely  to  be  severely  damaged  by 
temperatures  much  below  and  especially  much  above 
that  “normal”  level.  The  body  fluids  are  very  nearly 
neutral  in  reaction  and  are  similarly  regulated  about 
the  neutral  point.  Close  regulation  extends  also  to 
concentration  of  the  various  bodily  constituents  and  to 
the  balance  between  fluids  inside  and  outside  the  cell. 
Consequently  the  body  components  must  be  such  as  can 
undergo  fundamental  transformations  readily  under 
narrowly  limited  conditions. 

Although  free  exchange  has  been  established  of  the 
various  constituents  of  the  phospholipids  (at  least  of 
lecithin  and  cephalin)  with  the  incoming  ones  from 
the  food,  certain  preferences  have  been  established. 
Thus  Sinclair'"  found  that,  although  the  fatty  acid 
constituents  of  the  phospholipids  of  the  intestinal 
mucosa,  liver  and  muscles  changed  in  response  to  the 
fatty  acids  of  the  food,  the  more  highly  unsaturated 
fatty  acids  of  cod  liver  oil  were  taken  up  more  lapidly 
and  retained  more  tenaciously  than  other  fatty  acids. 


1^  Barnes,  R.  H.;  Miller,  E.  S.,  and  Burr,  G.  O.:  The  Absorption 

and  TSoh  of  Fatty  Acids  Across  the  Intestinal  Mucosa.  J.  Biol. 
Chem.  140:  233  (July)  1941.  Studies  in 

13.  Schoenheimer.  Rudolf;  R^tner.  S.,  and  R.ttenb^g,  a.  Studies  n 

Protein  Metabolism:  X.  The  Metabolic  Activi  y  of  ^^1^  ; 
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'I'he  special  desirability  of  highly  unsaturated  acids  as 
phospholipid  constituents  fits  in  with  other  findings 
regarding  the  tissue  phospholipids — their  ready  oxidiz¬ 
ability  in  air  and  hence  the  difficulty  of  preparing  them 
in  even  approximately  pure  form. 

The  need  of  the  organism  for  the  more  highly  unsatu¬ 
rated  fatty  acids  finds  expression  in  the  fat  deficiency 
disease  which  develops  in  experimental  animals  as  the 
result  of  the  lack  of  certain  necessary  fatty  acids  in 
the  diet  and  is  cured  by  the  addition  to  the  diet  of 
these  acids  or  acids  from  which  the  essential  ones  can 
be  made.  MacLean  and  her  associates  have  suggested 
that  the  essential  unsaturated  acid  is  arachidonic 
fCaoHgoOo),  a  four  double  bond  acid  which  the  organ¬ 
ism  can  manufacture  from  those  acids,  linoleic  and 
linolenic,  which  cure  the  fat  deficiency  disease. 

CHOLESTEROL  AND  CHOLESTEROL  ESTERS 

Cholesterol  (C27H^50H)  has  the  formula  shown. 


CHj 


It  is  a  member  of  the  large  group  known  as  sterols 
and  IS  part  of  a  still  larger  group  known  as  the  steroids 
or  sterids.  Also  members  of  this  group  and  chemically 
closely  related  to  cholesterol  are  the  bile  acids,  the 
sex  hormones  and  substances  occurring  as  glucosides 
compounds  as  digitalis  and  toad  poisons. 
Whether  cholesterol  can  be  changed  into  these  impor¬ 
tant  substances  or  has  any  physiologic  relation  to  them 
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always  occurs  along  with  them  and  combines  with  the 
^  fatty  acids  to  form  the  cholesterol  esters.  The  choles- 
’  terol  esters  occur  normally  in  notable  amounts  only 
in  blood  plasma  and  the  adrenal  cortex,  but  in  abnormal 
conditions  they  are  found  in  deposits  in  various  parts 
of  the  animal  body — in  the  liver,  in  fatty  livers  especially 
when  caused  by  cholesterol  feedings,  in  the  walls  of 
diseased  arteries  either  as  mushy  deposits  (atherosclero¬ 
sis)  or  in  the  actually  hardened  arteries  and  in  gall¬ 
stones.  Cholesterol  and  cholesterol  esters  are  among 
the  lipids  present  in  the  deposits  of  Niemann-Pick  and 
Schiiller-Christian  diseases  and  in  the  blood  and  skin 
and  joint  nodules  of  essential  hypercholesterolemia. 
Whether  the  cholesterol  esters  of  these  deposits  repre¬ 
sent  normal  stages  in  the  metabolism  of  the  fats  or 
whether  they  represent  a  mechanism  for  the  disposal 
of  cholesterol  or  unusable  fatty  acids  remains  unsettled. 

The  fact  that  the  cholesterol  esters  of  the  blood 
plasma  constitute  from  60  to  70  per  cent  of  the  total 
plasma  cholesterol  and  the  fact  that  the  cholesterol 
absorbed  through  the  intestine  is  esterified  with  the 
absorbed  fatty  acids  to  about  the  same  extent  indicate 
that  it  is  concerned  with  the  transport  if  not  the  metab¬ 
olism  of  the  fatty  acids.  Recent  work  as  well  as  older 
work  indicates  that  the  fatty  acids  in  combination 
with  the  cholesterol  are  relatively  highly  unsaturated 
(average  about  two  double  bonds)  which  leads  to  the 
belief  that  the  cholesterol  combination  has  to  do  mainly 
with  the  more  unsaturated  acids.  The  presence  of 
cholesterol  esterases  in  blood  and  tissues  is  the  basis 
for  Sperry  and  Stoyanoff’s  conception  that,  since 
cholesterol  esters  exist  in  the  blood  but  not  in  normal 
tissues,  these  enzymes  are  responsible  both  for  the 
cholesterol-cholesterol  ester  equilibrium  in  the  blood 
and  also  for  the  breaking  up  of  the  ester  in  its  passage 


into  the  tissues. 
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Animals  vary  a  good  deal  in  their  ability  to  absorb 
and  metabolize  cholesterol.  Herbivorous  animals  such 
as  the  rabbit  absorb  it  slowly  and,  having  absorbed  it, 
have  difficulty  in  disposing  of  it.  In  these  animals  it 
raises  the  blood  cholesterol  and  is  deposited  in  charac¬ 
teristic  fashion  in  arterial  walls  and  other  places.  In 
omnivorous  or  carnivorous  animals  such  as  the  human 
being  and  the  dog,  moderate  feeding  of  cholesterol  has 
no  effect  on  the  blood  cholesterol  nor  has  it  been  shown 
to  have  any  effect  on  the  arterial  walls.  Gallstone 
formation  has  also  been  shown  to  be  independent  of  the 
cholesterol  level  in  the  diet.  The  reason  for  the  lack  of 
effect  of  dietary  cholesterol  in  omnivorous  and  car¬ 
nivorous  animals  lies  in  their  ability  to  excrete  the 
excess  by  way  of  the  intestine.  Animals  can  oxidize 
cholesterol  but  slowly.  Normally  the  excretory  mecha¬ 
nism  is  adequate  to  keep  the  body  in  balance  as  regards 
cholesterol,  but  under  some  circumstances  it  can  be 
overloaded,  with  the  result  that  the  level  of  blood 
cholesterol  rises.  It  has  been  shown  that  animals  can 
manufacture  cholesterol  as  needed  from  compounds  of 
relatively  small  molecular  size.^- 
Cholesterol  is  confined  to  the  animal  kingdom.  In 
plants  and  bacteria  there  are  other  but  closely  related 
sterols  which  presumably  have  a  similar  function  in 
their  life  processes.  All  available  evidence  indicates 
that  animals  cannot  use  these  sterols  in  place  of  choles¬ 
terol,  in  fact  cannot  absorb  them  from  the  alimentary 
tract. 


With  the  exception  of  the  adrenals  the  cholesterol  is 
normally  present  in  the  cells  and  tissues  almost  entirely 
in  the  free  form,  while  in  the  blood  plasma  it  is  about 
two-thirds  combined  with  fatty  acids  as  esters.  Various 
figures  are  available  regarding  the  content  of  cholesterol 
m  normal  human  blood,  the  differences  being  due  to 
a  number  of  causes.  Differences  in  analytic  method 
will  explain  some  of  the  divergence :  for  example  digi- 
tomn  precipitation  method  always  gives  lower  results 
than  the  colorimetric  method  based  on  the  Liebermann- 
Burchard  reaction.  Since  even  the  digitonin  method  is 
not  specific  for  cholesterol,  it  seems  likely  that  true 
cholesterol  values  have  not  yet  been  found  The  rela 
five  values  reported  are,  however,  probably  as  useful 
for  most  purposes  as  absolute  values.  ^ 

22.  Schoenheinier,  R.,  and  tA  c  ^ 
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Diet  undoubtedly  plays  a  considerable  role  in  blood 
cholesterol  values,  especially  in  herbivorous  animals, 
although  moderate  eflfects  are  demonstrable  in  omnivo¬ 
rous  and  carnivorous  animals  as  well. 

The  thyroid  secretion  appears  to  have  an  effect  on 
the  blood  cholesterol  level.  Hyperthyroidism  lowers 
blood  cholesterol  as  though  the  more  intense  metabolism 
in  this  condition  resulted  in  a  more  complete  combus¬ 
tion,  while  in  hypothyroidism  the  blood  cholesterol  level 
is  higher.  Since  all  workers  have  not  obtained  pro¬ 
nounced  differences,  the  thyroid  effect  should  be 
regarded  as  probable  but  not  invariable. 

In  the  variety  of  nephritis  commonly  called  nephrosis, 
the  blood  cholesterol  values  may  reach  very  high  levels, 
five  or  six  times  the  normal,  and  are  accompanied 
by  fatty  (cholesterol  ester)  deposits  in  the  kidneys. 
The  reason  for  the  high  values  is  unknown. 

In  diabetes  before  the  insulin  era  cholesterol  and 
fat  values  in  the  blood  were  often  very  high,  but  with 
insulin  treatment  and  inclusion  of  carbohydrate  in  the 
diet  these  high  values  are  exceptional.  ’The  earlier 
values  were  undoubtedly  due  to  the  unbalanced,  exces¬ 
sively  high  fat  diet. 

Essential  hypercholesterolemia  in  human  beings 
appears  to  be  analogous  to  the  state  of  affairs  found 
in  normal  rabbits — a  very  low  ability  to  destroy  or 
excrete  cholesterol.  The  result  is  that  the  cholesterol 
of  animal  food  accumulates  in  the  blood,  resulting  in 
excessive  values  and  in  depositions  of  cholesterol  similar 
to  the  tophi  of  gout  in  various  places  in  the  body  such 
as  the  joints  and  tendons.  The  symptoms  are  relieved 
by  giving  the  patient  a  vegetable  diet  (plant  sterols 
not  being  absorbed),  bpt  the  disappearance  of  choles¬ 
terol  from  the  nodules  is  a  very  slow  process. 

Cholesterol,  mostly  in  the  free  form,  is  found  in  all 
bodily  tissues,  being  especially  abundant  in  the  adrenals 
(1.5  per  cent,  mostly  as  ester),  brain  (1  to  1.5  per  cent, 
all  free),  liver  (0.3  per  cent)  and  blood  (about  0.2  per 
cent,  two  thirds  as  ester).  The  cholesterol  content 
of  muscle  varies  with  the  type  of  muscle,  with  the 
species  and  with  activity.  Smooth  muscle  has  the 
highest  content  (0.18  to  0.2  per  cent  moist  weight), 
ventricle  muscle  (0.14  to  0.2  per  cent  moist  weight) 
and  skeletal  (0.07  to  0.09  per  cent  moist  weight). 
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Hen’s  egg  yolk  contains  about  1.5  per  cent  of  choles¬ 
terol,  which  would  amount  to  about  0.3  Gm.  per  egg. 
Milk  contains  about  0.02  per  cent,  amounting  to  about 
0.2  Gm.  per  quart. 

The  human  being  loses  by  the  feces  about  1  Gm. 
of  sterol  daily,  most  of  which  arises  in  the  food  either 
as  cholesterol  in  animal  food  or  as  unabsorbed  sterols 
in  the  vegetable  part  of  the  diet. 

In  most  body  tissues  and  fluids  there  is  a  well  defined 
balance  or  ratio  between  the  phospholipid  and  choles¬ 
terol.  This  ratio  varies  for  diflferent  tissues  but  is 
fairly  constant  and  characteristic  for  a  single  tissue. 

In  the  accompanying  table  the  phospholipid  content 
and  the  phospholipid/cholesterol  ratios  are  arranged 
in  the  order  of  magnitude:  As  may  be  seen,  there  is 

Phospholipid/ Cholesterol  Ratios 


Phospholipid  Content 
%  Moist  Weight 


Brain  .  4.0 

Liver  .  3.O 

Heart  .  1.8 

Kidney  .  1,4 

Lung  .  1.2 

Serum  .  0.2 

Voluntary  muscle .  O.S-I.O 


Phospholipid/Cholesterol 

Ratio 


Liver  .  18 

Voluntary  muscle .  16 

Heart .  I6 

Kidney  .  1 1 

Lung  .  6 

Serum  .  2.5 

Brain  .  2.5 


almost  a  reversal  in  the  relative  position  of  the  brain 
and  the  muscle  in  the  two  columns  of  the  table.  Brain 
which  has  the  highest  phospholipid,  has  the  lowest 
phosphohpid/cholesterol  ratio,  owing  to  its  high  choles¬ 
terol  content,  while  voluntary  muscle,  which  has  the 

1  I  I .  .  ^  as  nearly  the  highest 

pliospholipid/cliolesterol  ratio,  owing  to  its  still  lower 
cholestero  content.  The  position  of  the  other  items 
m  the  table  is  practically  the  same  in  the  two  columns 
Among  the  muscles  the  ratios  for  skeletal  muscle  and 
heart  are  the  same  (14  to  16),  while  for  smooth  muscle 
the  ratio  IS  4,  owing  to  the  much  higher  content  of 
cholesterol,  the  phospholipid  value  being® about  the  same 

m  he  f  u  "’“f cholesterol  is  thought 

O  be  related  to  the  automatic  character  of  the  muscle 

eternal  Xdf ^  Srl^Sis* 

this  case  the  high  cholesterol  is  balanced  by  a  corre- 
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spondingly  high  phospholipid  content,  so  that  the  ratio 
remains  high.  Since  nervous  tissue  is  present  in  muscle 
and  contains  both  phospholipid  and  cholesterol,  it  would 
he  desirable  to  know  the  extent  of  its  contribution  to 
the  phospholipid  and  cholesterol  of  the  muscle.  Up 
to  the  present,  no  means  for  such  a  study  has  been 
available.  There  may  be  some  significance  in  the  fact 
that  in  smooth  muscle,  which  is  spontaneously  active, 
there  is  nearly  the  same  phospholipid/cholesterol  ratio 
as  in  brain. 

It  may  be  noted  here  that  creatine  phosphorus 
(phosphocreatine)  and  lipid  phosphorus  (phospholipid) 
appear  to  be  in  inverse  relationship  in  heart  and  skeletal 
muscle.  Creatin  phosphorus  in  heart  is  about  6  mg. 
per  hundred  grams  with  lipid  phosphorus  about  80  mg. 
per  hundred  grams,  while  in  skeletal  muscle  the  creatine 
phosphorus  is  about  60  mg.  per  hundred  grams  and 
the  lipid  phosphorus  about  30  mg.  per  hundred  grams. 
As  is  well  known,  the  phosphocreatine  of  heart  muscle 
must  be  ])rom])tly  renewed  if  the  muscle  is  to  continue 
active,  while  skeletal  muscle  can  work  for  a  relatively 
long  time  before  its  phosphocreatine  is  exhausted.  A 
relation  between  the  high  phospholipid  content  of  heart 
muscle  and  its  low  phosphocreatine  seems  likely,  and 
it  is  a  reasonable  assumption  that  the  phospholipid 
is  a  readily  available  source  of  energy  for  the  renewal 
of  the  phosphocreatine  and  perhaps  of  supply  of  phos¬ 
phorus  for  the  compound. 

FAT  METABOLISM 

An  understanding  of  the  way  in  which  fat  is  dealt 
with  in  the  body  is  necessary  for  determining  its  func¬ 
tion  in  the  animal  economy.  The  animal  body  is  about 
three-fourths  water,  and  practically  all  reactions  which 
go  on  in  life  take  place  in  water  solution  or  in  the 
presence  of  water.  Solubility  or  miscibility  in 
is  a  basic  requirement  for  utilization.  Fat^  and  its 
main  constituent,  the  fatty  acids,  are  insoluble  in  water, 
and  various  devices  are  employed  to  make  them  usetu 

in  the  watery  environment.  n  ^.i  . 

The  fat  entering  the  organism  as  food  is,  like  all  otlier 
foods,  first  broken  up  into  its  constituent  parts,  the 
fatty  acids  and  glycerol.  This  process,  hydrolysis,  is 
brought  about  by  enzymes  (lipases)  supplied  mainly 
in  the  pancreatic  juice.  The  lipases  are  in  water  so  u 
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tion  and,  since  water  does  not  penetrate  fat,  the  action 
can  take  place  only  at  the  surface  of  the  fat  particles. 
It  would  therefore  be  slow.  The  devices  employed  to 
bring  the  splitting  time  within  the  limits  allowed  for 
digestion  (about  four  hours)  are  first  to  increase  greatly 
the  surface,  which  is  done  by  emulsification.  Emulsifi¬ 
cation  is  accomplished  by  the  help  of  a  small  amount 
of  soap  formecl  by  interaction  of  the  alkali  of  the 
pancreatic  secretion  with  free  fatty  acid  always  present 
in  fat.  The  soap  together  with  other  emulsifying  agents, 
phospholipid  (present  in  the  pancreatic  juice  and  the 
bile)  and  the  bile  salts,  rapidly  break  up  the  masses 
of  fat  into  minute  particles,  greatly  increasing  the  sur¬ 
face  presented  to  lipase  action.  Splitting  proceeds 
rapidly  and  is  speeded  up  by  the  prompt  removal  of 
the  split  products  by  absorption.  In  the  absorption  the 
bile  salts  are  especially  useful.  The  exact  mode  of 
action  of  these  substances  is  not  known,  but  several 
factors  enter  and  are  important.  First,  they  form  water 
soluble,  diflfusible  compounds  with  the  fatty  acids. 
Second,  they  are  excellent  wetting  agents  and  penetrate 
easily  into  the  complicated  absorbing  surface.  They 
have  an  affinity  both  for  fatty  acids  and  the  watery 
absorbing  surfaces  and  in  this  way  carry  the  water 
insoluble  fatty  acids  into  close  contact  with  and  eventu¬ 
ally  through  the  walls  of  the  epithelial  cells.  The 
water  soluble  form  necessary  for  the  absorption  of  the 
fattv  acids  is  thus  provided  by  the  bile  salt  combination. 
Another  water  soluble  form  of  the  fatty  acid  is  its 
sodium  salt  called  soap.  The  importance  of  soaps  in 
fat  absorption  has  been  a  matter  of  dispute  for  many 
years  and  is  now  recognized  as  secondary.  The  reaction 
of  the  intestinal  contents  is  generally  slightly  on  the 
acid  side  of  neutrality  and,  under  these  circumstances 
soap  if  formed  would  soon  be  broken  up  again.  Also 
It  has  been  found  that  soap  in  any  considerable  con¬ 
centration  IS  irritating  and  destructive  to  the  intestine 
It  IS  apparently  useful  in  the  first  stages  of  fat  metabo- 
ism  emulsion  formation  and  hydrolysis,  after  which 
the  bile  salts  become  the  major  agent  in  absorption 
Uuring  Its  stay  in  the  epithelial  cells  the  absorbed 
fatty  acid  is  recombined  into  fat  before  being  passed 
out  of  the  cells  into  the  collecting  system,  which  m  the 
case  of  the  fats  is  the  lymph.  A  number  of  factors 
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appear  to  be  involved  in  this  resynthesis.  Sinclair 
showed  by  the  use  of  fats  of  pronounced  characteristics, 
coconut  and  cod  liver  oils,  that  the  phospholipids  of 
the  epithelium  were  involved,  since  the  newly  absorbed 
fatty  acids  were  found  in  the  epithelial  phospholipid 
in  amounts  sufficient  to  indicate  that  most  or  all  of 
the  absorbed  fatty  acids  passed  into  the  framework 
of  the  intestinal  phospholipids.  These  therefore  con¬ 
stitute  a  stage  in  the  absorption  process.  The  resyn¬ 
thesized  fat  appearing  in  the  thoracic  duct  is  generally 
not  the  same  as  the  absorbed  fat  but  differs  from  it 
in  degree  of  unsaturation,  melting  point  and  mean 
molecular  weight  of  the  fatty  acids.  These  differences 
seem  to  mean  either  that  the  degree  of  unsaturation 
is  adjusted  (up  or  down)  in  the  epithelium  or  that 
there  is  a  mixing  of  the  absorbed  fat  with  fat  brought 
from  nearby  depots.  There  appears  to  be  an  attempt 
to  adjust  the  melting  point  of  the  incoming  fat  to  a 
point  near  to  body  temperature,  since  high  melting 
fat  when  fed  appears  in  the  chyle  with  a  considerably 
lower  melting  point,  and  low  melting  fat  has  its  melting 
point  adjusted  upward.^"*  That  there  is  a  dilution  of 
absorbed  fat  with  body  fat  appears  probable  from 
recent  work.^®  As  to  the  fate  of  the  absorbed  fat,  the 
belief  has  always  been  that  it  passes  into  the  lymph 
system  and  enters  the  blood  stream  as  fat  via  the 
thoracic  duct.  All  efforts  to  demonstrate  other  paths 
of  absorption,  e.  g.  the  blood  stream  via  the  portal 
system,  have  so  far  been  unsuccessful.  On  the  other 
hand,  it  has  never  been  demonstrated  that  all  the 
absorbed  fat  passes  into  the  blood  by  way  of  the  thoracic 
duct;  in  fact,  recent  attempts  to  recover  absorbed  fat 
from  the  thoracic  duct  have  given  remarkably  small 
returns.^®  As  noted  earlier  in  the  discussion,  fat  is 
believed  to  be  hydrolyzed  and  then  absorbed  as  fattv 
acid  and  glycerol,  but  the  possibility  of  absorption 
in  the  unhydrolyzed  state  has  never  been  entirely  elimi¬ 
nated.  Furthermore,  the  manner  of  passage  of  the 
resynthesized  fat  out  of  the  epithelial  cells  and  into  the 
lacteals  of  the  villi  is  not  known  nor  is  the  method  of 
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passage  out  of  the  blood  into  the  storage  and  tissue 
cells  any  better  understood.  The  best  explanation  of 
the  latter  two  processes,  and  of  the  absorption  of  unsplit 
fat  if  any  is  absorbed,  is  that  the  fat  passes  the  cell 
membrane  by  solution  in  it,  as  in  the  case  of  water 
soluble  molecules,  the  phospholipid  of  the  membrane 
aiding  in  the  process. 

Frazer  and  associates  have  reopened  the  subject 
of  fat  absorption  and  have  presented  experimental  evi¬ 
dence  to  indicate  that  fat  may  be  absorbed  without 
hydrolysis  and  indeed  that  such  absorption  may  be  an 
important  procedure  in  the  normal  animal. 

A  considerable  portion  of  the  absorbed  fat  appears 
promptly  in  the  liver,  which  is  for  fat,  as  it  is  for  other 
foods,  a  place  of  temporary  storage  for  excess  food 
which  would  otherwise  flood  the  organism  and  probably 
be  wasted  either  by  unnecessary  combustion  or  by 
excretion.  Of  the  fat  thus  mobilized  to  the  liver  a 
considerable  portion,  perhaps  all  of  it,  is  changed  to 
phospholipid  and  then  probably  a  large  percentage  is 
discharged  into  the  blood  and  distributed  to  other  tis- 
.  sues.  The  change  of  fat  to  phospholipid  in  the  liver 
appears  to  be  a  necessary  step  for  its  later  use.  If 
formation  of  phospholipid  is  prevented  there  is  an 
accumulation  of  fat,  which  in  extreme  instances  may 
amount  to  half  the  liver  weight  and  which  eventually 
leads  to  death  as  the  result  of  interference  with  normal 
liver  function.  Ihe  main  cause  of  the  fat  accumulation 
has  been  shown  to  be  a  lack  of  the  base  choline  a 
necessary  constituent  of  lecithin,  since  the  fatty  liver 
may  be  pi  evented  and  cured  by  the  administration  of 
chohne.  When  choline  or  its  ‘‘makings”  are  lacking 
lecithin  cannot  be  formed  and  the  fat  accumulated 
Ihe  story  is  not  quite  as  simple  as  that  because  of  the 
involvement  of  other  factors.  For  example,  there  is 
always  some  cholesterol  ester  present  in  the  accumu¬ 
lated  fat,  and  the  amount  is  larger  when  there  is  much 
cholesterol  in  the  diet.  The  formation  of  cholesterol 
esters  with  the  fatty  acids  and  their  storage  appears 
to  be  one  of  the  means  used  by  the  organism  for  dis¬ 
posing  of  excess  cholesterol  as  well  as  excess  of  certain 
fatty  acds,  especially  the  more  highly  unsatur^ed 
ones.^0  The  accumulation  of  cholesterol  esterTL 
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more  difficult  to  clear  out  of  the  liver  than  the  fat. 
Instead  of  choline,  substances  which  supply  the  mate¬ 
rial  for  making  choline  are  effective  in  curing  the  fatty 
liver.  Certain  proteins,  casein  among  them,  are  effec¬ 
tive  and  the  constituent  of  casein  mainly  responsible 
has  been  shown  to  be  the  amino  acid  methionine,  of 
which  the  methyl  group  is  the  important  part  (there 
being  three  methyl  groups  in  choline). 

The  fate  of  the  phospholipid  formed  in  the  liver  and 
hence  the  fate  of  the  fat  from  which  it  was  formed 
is  not  known.  The  use  of  tracer  substances  has  not 
given  clear  answers,  since  their  use  has  shown,  along 
with  pertinent  facts,  that  constituents  of  living  tissues 
are  in  a  continuous  state  of  flux.  In  the  proteins,  whole 
sections,  single  amino  acids  or  parts  of  amino  acids 
may  be  taken  out  and  replaced  by  new  ones  without 
the  chemical  composition  of  the  protein  being  appre¬ 
ciably  changed.^®  Similarly,  in  the  case  of  the  phos¬ 
pholipids,  the  phosphorus  and  the  fatty  acids  have  been 
shown  to  be  replaceable  by  similar  substances  in  the 
food.  Probably  choline  and  glycerin  are  also  replace¬ 
able,  so  that  the  finding  of  a  phospholipid  in  muscle 
which  has  the  same  labeled  fatty  acid  or  phosphorus 
which  was  found  earlier  in  the  liver  need  not  mean 
that  the  liver  phospholipid  has  been  transferred  to  the 
muscle,  although  it  may  have  been. 

A  second  function  of  the  liver  in  fatty  acid  metabo¬ 
lism  which  has  been  recently  shown  to  be  important 
and  perhaps  essential  is  its  ability  to  break  the  long 
carbon  chains  of  the  fatty  acids  into  four  carbon  frag¬ 
ments  which  appear  sometimes  as  acetoacetic  acid 
(CH3.CO.CII2.COOH),  sometimes  as  beta-hydroxy- 
butyric  acid  (CH3.CHOH.CH2.COOH)  and  some¬ 
times  as  acetone  (CH3.COCH3).  These  substances, 
known  as  acetone  bodies  or  ketone  bodies,  have  been 
known  for  a  long  time  but  have  been  regarded  as 
dangerous  by-products  in  fatty  acid  metabolism,  dan¬ 
gerous  because  they  are  fairly  strong  acids  and  use  up 
significant  amounts  of  the  metallic  bases  of  the  body 
for  their  neutralization  and  excretion.  They  appear 
in  the  blood  and  urine  of  human  beings  and  some  other 
animals  when  a  large  proportion  of  the  energy  is  sup 
plied  bv  fat.  as  in  starvation  or  in  untreated  diabetes 
mellitus.  They  were  considered  to  be  the  partially 
oxidized  last  four  carbon  atoms  in  the  fatty  acid  chain, 
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which  were  what  was  left  after  successive  ^  oxidation 
and  which  for  some  unexplained  reason  were  unoxi- 
dizable  unless  carbohydrate  was  being  burned  at  the 
same  time  (“fats  can  burn  only  in  the  fire  of  the 
carbohydrates”).  Work  in  the  last  ten  years  (sum¬ 
marized  by  Stadie  and  his  associates  ~^)  has  shown 
(a)  that  these  substances  are  normally  formed  from  fat 
in  large  amounts  by  the  liver  and  to  a  considerable 
extent  by  the  kidney,  more  than  ten  times  the  amount 
which  appears  in  the  urine,  (b)  that  they  are  burned 
by  muscle  and  other  tissues,  which  however  cannot  form 
them,  and  (c)  that  they  may  supply  most  of  the  energy 
needed  by  the  heart  and  presumably  other  tissues.  The 
demonstration  that  these  ketone  acids  can  be  formed 
and  used  by  normal  tissues  in  amounts  large  enough  to 
account  for  the  to<^al  amount  of  fat  metabolized  puts 
an  entirely  new  face  on  their  importance  and  use  in 
the  organism,  raising  them  from  the  status  of  harmful 
and  occasional  accidents  to  that  of  regular  stages  in 
fatty  acid  breakdown. 

In  many  ways  these  substances  are  analogous  to  lactic 
acid  which  appears  in  carbohydrate  breakdown.  They 
appear  in  excess  in  blood  and  urine  whenever  unusual 
pressure  is  put  on  the  organism  to  burn  fat.  just  as  lactic 
acid  appears  in  excessive  amounts  in  blood,  urine  and 
sweat  when  unusual  pressure  is  put  on  the  carbohydrate 
burning  mechanism,  as  in  heavy  muscular  work.  They 
are  relatively  strong  acids,  call  for  neutralization  to 
about  the  same  extent,  and  have  the  same  or  only 
slightly  greater  potential  menace  to  the  state  of  neu¬ 
trality  in  the  organism  as  lactic  acid.  In  their  forma¬ 
tion  from  fatty  acids  there  is  considerable  energy  loss 
just  as  there  is  in  the  change  from  glycogen  or 
rf-glucose  to  lactic  acid.  The  loss' is  probably  much 
gieatei  in  the  case  of  the  ketone  acids  because  it  is  due 
to  oxidation  while  the  diminished  energy  value  of  lactic 
acid  IS  due  to  internal  rearrangement  in  the  breakinjr 
of  the  glucose  molecule.  The  liberation  of  energy  in 
the  change  from  glycogen  to  lactic  acid  is  put  to  good 
use  in  bringing  about  the  recovery  of  the  contraction 
mechanism  of  the  muscle.  No  consideration  has  as  vet 
been  given  to  the  much  greater  liberation  of  energy  in 
the  change  from  a  C,,  fatty  acid  to  four  4  carbon  ketone 
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acids,  but  there  is  little  doubt  that  it  could  be  and 
probably  is  put  to  similar  uses.  In  the  changes  involved 
in  the  formation  of  lactic  acid  from  glycogen  or  c/-glu- 
cose,  phosphoric  acid  figures  largely.  The  participation 
of  phosphoric  acid  in  the  metabolism  of  the  fatty  acids 
has  not  been  demonstrated  beyond  the  first  stage,  that 
of  phospholipid  formation  from  fat,  but  it  seems  prob¬ 
able  that  much  if  not  all  of  the  metabolized  fat  does 
go  through  the  phospholipid  stage.  As  has  already 
been  noted,  not  much  is  known  about  the  fate  of  the 
phospholipid  formed  in  the  liver,  but  since  the  ketone 
body  acids  are  also  formed  there  the  obvious  next  step 
would  be  the  formation  of  ketone  acids  from  the  fatty 
acids  of  the  phospholipid  and,  if  the  analogy  with  lactic 
acid  holds,  they  are  formed  by  way  of  intermediate 
phosphorylated  compounds.  Nothing  has  yet  been  done 
to  elucidate  these  later  stages  of  fatty  acid  metabolism. 


NUTRITIONAL  VALUE  OF  FATS 

Very  little  need  be  said  about  the  relative  nutritional 
value  of  fats  and  hence  of  availability  and  distribution 
for  the  reason  that  most  of  the  ordinary  food  fats  of 
l)oth  plant  and  animal  origin  consist  mainly  of  the 
same  few  fatty  acids — oleic,  palmitic  and  stearic — in 
varying  proportions,  and  it  is  to  be  expected  that  they 
would  not  differ  much  in  digestibility  or  in  metabolic 
usefulness.  This  is  found  in  general  to  be  the  fact.-* 
When  the  melting  point  is  high,  digestion  is  slower 
and  there  is  a  tendency  for  unabsorbed  fat  to  appear 
in  the  feces.  The  rate  of  absorption  of  various  fats 
was  found  by  one  group  of  investigators  to  be  in 
the  following  order:  linseed  (best),  then  olive,  whale, 
soybean,  peanut,  lard  (rancid),  cottonseed,  cocoa  but¬ 
ter,  coconut  and  palm,  but  all  were  well  utilized,  rats 
with  a  melting  point  above  37.8  C.  were  slowly 
absorbed.  Laxative  effects  were  noticed  in  only  two 
fats  of  a  series  of  sixty-three  fats  fed  at  a  50-115  bm. 
level  to  human  subjects.  These  were  cocoa  butter  and 
goose  fat."'®  At  140  Gm.  a  day,  beef  fat  was  laxative. 
Hydrogenated  oils,  as  long  as  the  melting  point  remains 
below  37.8°  C.,  are  as  well  absorbed  as  the  natural  oils. 

Taken  from  Different  Parts  of  the  Animal  Body.  J.  Oil  &  rat  inu. 

^^29:^sJefn^bock,  Harry;  Irwin,  Margaret.  and  Weber  Janet ^  The 

Comparative  Rate  of  Absorption  of  Different  bats.  J.  Nutrition  i-s. 
(July)  1936. 
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Fats  made  up  of  the  shorter  chain  fatty  acids  would 
have  a  lower  caloric  value  than  those  containing  the 
ordinary  longer  chains  but  the  amount  of  these  short 
chain  glycerides  in  the  ordinary  diet  is  probably  not 
large  enough  to  influence  nutritional  calculations. 

Natural  fats  carry  in  solution  a  number  of  non-fat 
substances  some  of  which,  for  example,  the  fat  soluble 
vitamins,  are  useful  and  desirable  but  have  little  impor¬ 
tance  in  the  metabolism  of  fat  as  such.  Other  fat  soluble 
substances  such  as  the  sterols  may  in  some  cases  he 
useful,  as  for  example  cholesterol  in  animal  fats,  while 
the  sterols  of  plant  fats  are  not  useful  because  they 
are  not  absorbed  by  animals.  This  fact  is  made  use 
of  in  treating  certain  individuals  who  have  difificulty 
in  excreting  cholesterol,  a  shift  from  an  animal  to  a 
plant  diet  stopping  the  cholesterol  inflow. 

Milk  fat  or  butter  contains,  in  addition  to  the  com¬ 
mon  fatty  acids,  oleic,  palmitic  and  stearic,  considerable 
amounts  of  short  chain  fatty  acids  from  butyric  (C^) 
up  to  Cg  which  are  presumably  especially  useful  to  the 
young  animal.  Milk  fat  contains  also  small  amounts 
of  cholesterol  and  phospholipid  and  varying  amounts 
of  the  fat  soluble  vitamins  or  their  mother  substances. 
Egg  fat  is  especially  rich  in  phospholipid,  cholesterol 
and  vitamins.  The  fatty  acids  in  both  milk  fat  and 
^re  not  especially  notable  since  they  originate 
largely  from  the  food  of  the  mother. 


Aside  from  those  well  known  dietary  factors  or  vita¬ 
mins  which  are  essential  for  the  general  well-being  of 
the  living  organism,  two  others  have  been  found  to  be 
essential  for  the  proper  carrying  on  of  fat  metabolism. 
1  hese  are  choline,  the  lack  of  which  causes  fatty  livers 
and  eventually  death  through  liver  failure,  and  certain 
essential  ’  fatty  acids  the  nature  of  which  is  not  entirely 
established.  One,  and  perhaps  the  main  one  of  these 
IS  arachidonic  acid,  although  linoleic  and  linolenic  acids 
are  effective  in  curing  the  fat  deficiency  disease.^®  They 
appear  to  do  so  by  transformation  into  arachidonic  acid. 

Since  choline  or  its  “makings”  are  essential  for  the 
necessary  phospholipid  stage  in  fat  metabolism,  mate- 
nals  for  Its  synthesis  must  be  supplied  by  the  food. 
Choline  itself  is  found  in  foods  containing  lecithin  or 
sphingomyelin,  such  as  brain,  egg  yolk,  glandular  prod- 
nets,  meat,  especially  heart  muscle  and  to  a  less  extent 
n.  other  annual  foods.  It  may  be  synthesized  by 
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organism.  In  its  construction  the  methyl  groups  appear 
to  be  the  critical  constituents  and  there  are  not  many 
sources  of  these.  The  most  important  one  is  the  amino 
acid  methionine,  methyl  homocystein  or  a-amino-y- 
methylthiol-n-butyric  acid,  which  readily  yields  its 
methyl  group  in  a  variety  of  reactions  in  the  animal 
body.®”  Methionine  is  supplied  in  food  proteins,  and 
<jf  these  casein  has  been  found  to  be  a  satisfactory 
source.  Undoubtedly  other  “good”  proteins  or  mix¬ 
tures  of  protein  would  provide  an  adequate  supply  of 
methionine. 


The  essential  fatty  acids,  especially  linoleic,  are  widely 
distributed  in  both  plant  and  animal  fats  and  are  found 
also  in  combination  in  starches,  so  that  their  supply 
in  adequate  amounts  needs  no  special  consideration. 
'I'hese  acids  are  low  in  amount  or  absent  in  certain 
tropical  seed  fats,  as  for  example  coconut  oil,  which  are 
used  in  making  oleomargarine,  and  this  fact  has  been 
urged  as  an  objection  to  the  use  of  oleomargarine 
instead  of  butter.  However,  commercial  oleomargarine 
generally  contains  a  considerable  proportion  of  animal 
fat,  and  most  diets  contain  enough  other  sources  of 
these  acids  to  make  up  for  any  deficiency.  On  the 
other  hand,  marine  animal  fats  contain  large  amounts 
of  the  essential  fatty  acids. 

'  As  sources  of  the  essential  fatty  acids  may  be  listed 
brain,  organs  and  tissues  of  animals  which  are  not 
deficient  in  these  acids,  and  several  natural  fats  gener¬ 
ally  with  a  high  iodine  number  (degree  of  unsatura¬ 
tion)  such  as  cod  liver  oil,  corn  and  cotton  oil,  butter 
and  egg  volk  (provided  the  source  animals  are  not  fat 
deficient).  Linseed  oil  is  rich  in  the  necessary  acids 
but  is  unpalatable  unless  specially  treated.  In  fact,  most 
of  the  natural  oils  (liquid  fats)  will  yield  enough  of 
the  required  essentials  if  taken  in  ordinary  amounts. 


30  du  Vigneaud,  Vincent;  Cohn,  Mildred;  Chandler,  J.  P. ;  Schenck. 
r.  R.,  and  Simmonds,  Sofia:  The  UtilizaUon  of  the  Methyl  Group  of 
Methionine  in  the  Biological  Synthesis  of  Choline  and  Creatine,  .  . 
Chetn.  140:625  (Aug.)  19-11. 
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Calories  in  medical  practice  are  just  as  important  as 
they  ever  were,  in  spite  of  the  fact  that  attention  has 
been  centered  on  the  vitamins.  No  supplements  of 
vitamins  or  mineral  elements  can  alter  the  laws  of  the 
conservation  of  energy.  Calories  are  still  needed  to 
keep  the  body  warm  and  to  furnish  energy  for  muscular 
work. 


Calories,  or  British  thermal  units,  form  the  basis  of 
calculations  in  engineering,  in  the  estimation  of  the 
heating  values  of  commercial  fuels  and  in  the  estimation 
of  the  feeding  of  jwpulations.  Perhaps  in  the  latter 
connection  they  may  determine  the  outcome  of  the  pres¬ 
ent  war.  A  physician,  however,  is  directly  concerned 
with  calories  in  relatively  limited  fields.  He  must  know 
the  calories  of  the  basal  metabolism,  he  must  understand 
the  construction  of  an  adequate  diet  in  both  health  and 
disease  and  he  must  know  how  to  construct  high  or  low 
(^loiy  diecS  that  contain  the  essential  food  elements. 
Although  he  does  not  often  realize  it,  he  is  intimately 
concerned  not  only  in  the  administration  of  calories  in 
the  food  but  also  in  their  dissipation  through  the  surface 
of  the  body.  It  is  the  temporary  disproportion  between 
gam  and  loss  that  causes  the  ups  and  downs  of  fever 

The  unit  of  heat  measurement  that  concerns  the  phv- 
sician  IS  the  large  calory,  the  kilocalory,  the  amount  of 
heat  required  to  raise  1  Kg.  of  water  1  degree  C.  The 
small  calory,  the  amount  required  to  raise  1  Gm  of 
water  1  degree  C.,  is  a  unit  employed  by  physicists  and 
chemists  for  the  calculation  of  energy  changes  in  inter- 
njediary  metabolism  and  is  so  seldom  nfentioned  by 
physicians  that  it  is  rarely  found  in  medical  literature 

The™B.S  T''  confusion: 

Ihe  Bi  tisl  thermal  unit  is  the  heat  required  to  raise 

pound  of  water  1  degree  F.  and  equals  252  small 
caories.  Fortunately  this  term  is  not  used  in  medical 
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literature.  The  amount  of  heat  given  off  by  the  resting 
man  of  average  size  is  about  equal  to  the  heat  of  a 
60  watt  electric  bulb  or  the  flame  of  an  alcohol  lamp 
about  1  inch  high.  A  man  exercising  hard  equals  the 
heat  of  ten  such  lamps.  Most  of  us  fluctuate  between 
these  two  extremes  in  the  course  of  a*  day,  and  it  is 
extremely  difificult  to  make  a  really  accurate  estimate  of 
the  number  of  calories  that  a  person  consumes  on  any 
one  day. 

The  basal  metabolism  or  basal  metabolic  rate  is  a 
term  generally  employed  to  indicate  the  heat  produc¬ 
tion  of  a  ])erson  fourteen  or  more  hours  after  the  last 
intake  of  food  at  complete  physical  and  mental  rest  in 
a  comfortable  environment.  This  is  sometimes  called 
the  postabsorptive  metabolism,  or  standard  metabolism, 
theoretically  better  than  basal  metabolism  because  the 
lowest  metabolism  is  found  during  sleep  or  inanition  or 
after  the  removal  of  the  thyroid  gland.  Basal  metabo¬ 
lism  is  most  conveniently  measured  early  in  the  morning 
in  the  person  who  has  come  to  the  laboratory  without 
breakfast  with  relatively  little  physical  exertion.  Per¬ 
sons  in  good  health  can  travel  for  as  much  as  an  hour 
before  the  test  and  be  in  basal  condition  after  resting 
for  one-half  to  one  hour.  A  person  moderately  ill  with 
toxic  diffuse  goiter  may  be  affected  by  an  automobile 
ride  of  one-half  hour.  One  who  is  seriously  ill  should 
have  the  test  made  in  the  same  building  in  which  he 
spends  the  night.  The  stimulating  effect  of  food,  the 
sj^ecific  dynamic  action,  is  slight  ten  hours  after  the 
last  meal  unless  that  meal  has  been  a  heavy  one.  Even 
a  small  breakfast  has  little  effect  after  three  or  foiu 
hours.  Much  more  serious  than  the  2  to  3  P^r  cent 
increase  from  a  small  breakfast  is  an  increase  of  10,  20 
or  even  50  per  cent  which  may  be  caused  by  fear,  appre¬ 
hension  or  discomfort  shortly  before  or  during  the  test 
The  most  important  precaution  is  prevention  of  such 
tension  by  means  of  preliminary  tests,  careful  explana¬ 
tion  on  the  part  of  the  physician  and  a  quiet  atmosphere 
during  the  test.  A  high  percentage  of  determinations 
in  toxic  diffuse  goiter  are  ruined  because  the  patient 
has  been  told  by  her  friends  or  even  by  her  physician 
that  the  results  will  decide  whether  or  not  she  is  to 

have  an  operation.  _ 

After  the  test  has  been  made  the  physician  should 
always  try  to  form  an  estimate  of  the  emotions  during 
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the  whole  procedure.  He  should  note  carefully  the 
pulse  rate  before  and  during  the  test  and  compare  it 
with  the  rate  obtained  while  the  patient  was  in  bed 
on  other  days.  A  significant  rise  in  pulse  rate  usually 
indicates  an  unreliable  determination.  The  physician 
should  also  question  the  patient  regarding  apprehension 
and  discomfort.  An  experienced  patient  may  tell  you 
“The  test  I  had  in  Dr.  Blank’s  office  was  about  20  per 
cent  too  high.” 

First  tests  on  inexperienced  patients  or  normal  con¬ 
trols  are  usually  5  to  10  per  cent  higher  than  subsequent 
tests.  Most  of  the  older  standards  of  metabolism  were 
based  largely  on  first  tests  and  are  therefore  5  to  10  per 
cent  too  high  when  applied  to  the  more  modern  series 
of  controls  founded  on  results  obtained  with  experienced 
subjects.  It  may  therefore  be  said  that  normal  and 
trained  healthy  subjects  average  5  to  8  per  cent  below 
the  so-called  Aub-Du  Bois  standards  of  1917,  or  the 
Mayo  Clinic  Boothby,  Berkson  and  Dunn  standards  of 
1936,  or  about  3  per  cent  lower  than  the  Harris- 
Benedict  standards.  The  Aub-Du  Bois  standards  were 
much  too  high  for  children,  and  the  Bierring  figures 
tor  the  boys  and  the  Kestner-Knipping  tables  for  girls 
are  more  accurate  for  well  trained  children.^  Some  day 
there  will  be  more  satisfactory  physiologic  standards, 
but  even  after  the  thousands  of  determinations  that  have 
been  made  on  normal  subjects  it  is  too  soon  to  settle 
on  a  new  level,  since  the  average  normal  is  still  falling 
slightly  every  decade.  Some  recent  work  by  Hardy 
and  Milhorat  -  showing  the  eflPect  of  temperature  in 
changing  the  metabolism  of  women  but  not  of  men  was 
disturbing.  On  the  average  the  metabolism  of  women  is 
10  to  12  per  cent  lower  than  that  of  men  of  the  same 
size,  but  in  a  cold  environment  it  may  be  the  same  as 
that  of  men  and  m  a  very  warm  environment  may 
be  15  to  20  per  cent  lower.  In  spite  of  all  these 
imitations  clinicians  get  along  quite  well  with  the  old 
standards  to  which  they  are  accustomed,  estimating  that 
for  we  I  trained  subjects  and  good  satisfactory  tests  most 
normal  persons  come  within  +  5  to  —  20  per  cent  of 
the  so-called  standard.  Some  few  normal  persons  are 

19l  and  Wright.  L.  M.:  J,  Pediat. 

5Jlf'38^^(A'prllM9’4l^'"'°"^*’  OuBois.  P.  F.:  J.  Nutrition 
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5  ]>er  cent  further  off  in  either  direction.  Boothby, 
Berkson  and  Dunn  ®  have  emphasized  the  fact  that  a 
person  toward  the  limits  of  the  normal  range  may  be 
normal  but  that  the  chances  are  greatly  against  it.  Con¬ 
versely,  some  exceptional  persons  with  pathologically 
low  or  high  metabolism  may  come  within  the  normal 
range.  The  basal  metabolism  by  itself  should  be  con¬ 
sidered  merely  as  one  piece  of  evidence  and  never  the 
final  answer.  One  book  on  metabolism  ends  with  this 
sentence:  “God  forbid  that  we  make  our  diagnoses  by 
machinery.” 

It  must  be  admitted  that  the  basal  metabolism  tests 
are  seldom  of  great  value  except  in  the  diagnosis  and 
treatment  of  diseases  of  the  thyroid  gland.  The  vast 
majority  of  basal  metabolism  tests,  like  the  vast  majority 
of  roentgenograms,  show  normal  conditions.  Tests  are 
necessary  to  avoid  missing  cases  which  present  sugges¬ 
tive  histories  but  which  do  not  show  the  usual  clinical 
signs.  Basal  metabolism  tests  and  other  laboratory  tests 
are  probably  overdone,  but  it  is  doubtful  whether  this 
can  be  remedied. 

There  are  obviously  many  factors  which  influence  the 
total  heat  production  apart  from  those  of  size,  age  and 
sex  that  are  used  in  calculating  the  basal  metabolic  rate. 
Some  of  the  more  important  factors  are  shown  graphi¬ 
cally  in  figure  1.  This  illustrates  not  only  heat  produc¬ 
tion  but  also  heat  loss  and  shows  how  one  influences 
the  other.  Ordinarily,  any  increase  in  hpt  loss  is  met 
by  an  increase  in  heat  production,  and  vice  versa,  with 
a  balance  so  delicate  that  the  body  temperature  is  main¬ 
tained  with  extraordinary  uniformity.  In  health  it  is 
only  on  occasions  when  heat  production  is  greatly  and 
suddenly  increased  that  heat  loss  lags  behind,  causing 
a  rise  in  body  temperature.  Nevertheless,  a  short  bout 
of  hard  exercise  can  raise  the  rectal  temperature  to  38 
to  39  C.  (100.4  to  102.2  F.)  for  half  an  hour.  Con¬ 
versely,  a  sudden  change  to  a  cold  environment  without 
compensating  exercise  can  cause  a  drop  in  temperature. 

Basal  heat  production  may  have  superimposed  on  it 
the  specific  dynamic  action  of  food.  After  a  heavy 
of  protein  or  carbohydrate,  or  both,  there  is  a  gradua 
increase  in  metabolism,  perhaps  rising  30  to  40  per  cent 
above  the  basal  rate  in  two  or  three  hours  and  then 

3.  Boothby,  W.  M.;  Berkson.  J.,  and  Dynn,  H.  U :  Am.  J.  Physiol. 

116:  468  (July)  1936. 
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falling  slowly.  After  ordinary  meals  the  rise  is  less 
noticeable  but  when  distributed  throughout  the  twenty- 
four  hours  under  ordinary  conditions  the  total  sj>ecific 
dynamic  action  amounts  to  about  6  per  cent  of  the  total 
caloric  value  of  the  food.  This  is  small  in  comparison 
with  the  large  increase  that  might  be  caused  by  certain 
diseases  such  as  hyperthyroidism  with  figures  of  15  to 
100  per  cent  or  more  above  the  basal  rate.  The  uncon¬ 
scious  tensing  of  the  muscles  that  accompanies  appre- 

FACTORS  INCREASING 


HEAT  PRODUCTION 


HEAT  LOSS 


normal 

Ijctween  the  factors  increasing  heat  production  and 


hension  may  raise  the  heat  production  10  to  20  per  cent 
without  its  being  noticed  by  an  inexi)erienced  observer 
Moderate  activity  causes  a  rise  of  20  to  50  per  cent, 
whereas  hard  exercise  may  increase  the  metabolism’ 
three  or  four  or  even  ten  fold.  When  there  is  fever 
there  is  an  elevation  of  about  13  per  cent  for  each  decree 
centigrade,  but  the  variations  are  considerable. 

Heat  loss  may  be  an  important  element  in  raising  heat 
pioduction.  If  a  man  goes  into  a  cooler  environment 
01  is  exposed  to  a  strong  wind  or  takes  off  some  of  his 
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clothing,  or  even  stretches  so  that  he  exix)ses  a  larger 
surface,  he  loses  more  heat  and  in  order  to  compensate 
the  body  has  to  produce  more  calories.  As  a  rule,  a 
person  does  this  hy  voluntary  exercise  or  involuntary 
shivering.  Conversely,  if  the  man  has  produced  an 
unusual  amount  of  heat  hy  exercise  he  tries  to  dissemi¬ 
nate  it  by  seeking  a  cooler  environment  or  by  taking 
off  some  of  his  clothing.  If  this  is  not  sufficient  he 
breaks  into  a  sweat,  which  cools  the  skin  through 
vaporization.  Dogs  and  other  animals  without  sweat 
glands  lose  excess  heat  by  panting. 

The  mechanism  of  heat  loss  is  of  interest  to  the  medi¬ 
cal  man,  since  it  forms  the  basis  of  air  conditioning. 
When  a  person  is  quiet  in  a  moderately  cool  room  most 
of  the  heat  is  lost  through  radiation  from  the  warm  sur¬ 
face  of  the  body  and  warm  clothing  to  the  cooler  walls 
and  especially  to  the  windows.  The  body  gains  heat 
through  radiation  from  the  heating  apparatus  and  from 
lamps.  Under  ordinary  conditions  about  25  per  cent  of 
the  calories  are  lost  through  the  vaporization  of  water 
from  the  skin  and  lungs,  but  with  the  outbreak  of  even 
small  amounts  of  sweat  this  percentage  rises.  When  the 
air  and  surrounding  ol)jects  are  warmer  than  the  sur¬ 
face  of  the  skin  vaporization  becomes  the  sole  channel 
of  heat  loss.  The  i>ercentage  of  calories  lost  by  convec¬ 
tion  through  the  movement  of  air  is  extremely  variable. 
In  a  quiet  room  a  very  quiet  person  may  lose  only  12  to 
15  jx^r  cent  of  his  heat  in  this  manner,  but  the  per¬ 
centage  rises  roughly  according  to  the  square  root  of 
the  velocity  of  the  air  movement.  Even  small  motions 
of  the  body  cause  a  considerable  increase  in  the  flapping 
efifect  of  clothing. 

The  human  body  in  a  cold  environment  is  able  to 
conserve  its  calories  by  changing  the  skin  and  subcu¬ 
taneous  tissue  into  a  suit  of  clothing.  The  peripheral 
blood  flow  is  reduced  almost  to  zero  and  the  skin 
l>ecomes  as  good  an  insulator  as  an  equal  thickness  of 
leather  or  cork.  When  the  body  needs  to  lose  heat 
the  peripheral  blood  flow  is  increased  and  the  warm 
blood  from  the  interior  of  the  body  comes  in  contact 
with  the  skin,  which  is  cooled  by  the  vaporization  of 
sweat.  The  most  effective  sweating  leaves  no  visible 
water  on  the  surface ;  sweat  that  drips  is  wasted,  since 
it  removes  no  heat.  In  this  loss  of  heat  the  hands  and 
feet  are  relatively  unimportant,  since  they  constitute 
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only  a  small  percentage  of  the  total  surface.  Circulation 
in  the  hands  is  not  necessarily  a  good  indicator  of  the 
average  circulation  or  of  the  total  heat  loss  because  the 
hands  respond  to  emotion  more  than  any  other  part  of 
the  body.  The  feet  and  esi^ecially  the  toes  are  not  good 
indicators  of  the  average  condition  of  the  skin  because 
they  are  far  from  the  source  of  heat  and  have  large 
radiating  surfaces.  In  cold  weather  the  skin  of  the  toes 
may  show  temperature  readings  below  that  of  the  dry 
bulb  thermometer.  The  toes  resemble  wet  bulb  ther¬ 
mometers. 

In  one  of  the  older  hospitals  in  New  York  there  was 
a  women’s  ward  on  the  north  side  of  the  building  that 
was  difficult  to  heat  on  a  cold  winter  night.  In  making 
rounds  after  such  a  cold  night  it  would  be  noted  that 
most  of  the  patients  showed  a  subnormal  temjierature 
and  that  many  of  the  older  women  had  temperatures 
alarmingly  depressed.  Here  was  a  combination  of  low 
heat  production  on  the  part  of  the  old  women  and  high 
loss  through  radiation  and  convection.  Their  feet  were 
icy  cold,  and  since  many  of  them  had  impaired  peripheral 
circulation  the  situation  was  serious.  At  the  present 
time  in  Russia  when  the  weather  is  so  extremely  cold, 
if  a  soldier  who  has  been  keeping  up  his  heat  produc¬ 
tion  by  marching  or  fighting  is  wounded  and  has  to 
remain  quiet  the  heat  loss  will  exceed  heat  production 
to  such  an  extent  that  there  will  be  a  decided  fall  in 
body  temperature  contributing  to  the  rapid  production 
of  shock.  The  same  thing,  to  a  lesser  extent,  can  hap- 
l)en  in  our  own  climate  when  a  man  is  injured  outdoors. 
It  can  happen  even  in  the  accident  ward  of  a  hospital. 
Going  to  the  other  extreme,  a  man  in  shock  might  be 
surrounded  by  so  many  hot  water  bottles  and  blankets 
that  in  the  effort  to  lose  calories  a  large  amount  of 
blood  needed  internally  is  diverted  to  the  skin  and  a 
large  amount  of  water  and  salt  lost  through  driDnin" 
sweat.  ‘  ^ 


In  health  the  normal  temperature  of  the  body  is 
regulated  delicately  at  about  36.9  C.,  a  little  lower  in 
the  early  morning,  higher  in  the  late  afternoon.  Minor 
or  even  moderately  large  changes  in  heat  production 
T  balanced,  as  shown  in  the  diagram 
(hg  1).  In  fever  the  temperature  regulating  center 
"1  the  hyi»thalamus  seems  to  be  adjusted  at  a  different 
level,  sometimes  fairly  constant,  nsuallv  huctnating  2  to 
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3  degrees  C.  during  the  day.  When  the  temperature 
regulating  center  is  suddenly  set  at  40  C.,  the  body  at 
the  normal  temperature  of  37  C.  (98.6  F.)  finds  itself 
3  degrees  too  cool  and  therefore  calls  into  play  the 
mechanism  of  increased  heat  production,  sometimes  sup¬ 
plemented  by  the  skin  mechanism  which  diminishes  heat 
loss.  If  the  change  in  the  temperature  regulating  center 
is  sudden,  as  in  malaria,  the  body  has  to  warm  itself 
by  means  of  shivering.  In  most  fevers  the  change  can 
be  made  more  gradually.  If  the  patient  has  attained 
a  high  temi^erature,  say  40  C.,  and  the  heat  regulating 
center  is  suddenly  adjusted  to  the  normal  of  37  C.,  the 
body  finds  itself  3  degrees  too  warm,  calls  into  play  the 
mechanism  of  heat  loss  and  loses  calories  rapidly  through 
sweating. 

In  diseases  of  high  metabolism,  for  example  toxic 
diffuse  goiter,  the  body  is  faced  with  the  continuous 
problem  of  losing  abnormally  large  amounts  of  heat. 
Therefore,  the  peripheral  circulation  is  greatly  increased 
and  sweating  may  be  necessary  even  in  moderately  cool 
atmospheres.  The  patient  cannot  tolerate  as  much 
clothing  or  as  many  blankets  as  the  normal  person. 
At  the  other  extreme,  persons  with  low  metabolism,  as 
in  myxedema  or  inanition  or  old  age,  are  obliged  to 
restrict  the  loss  of  heat  by  diminishing  the  peripheral 
blood  flow.  They  need  warm  clothing,  especially  since 
they  are  unable  to  keep  themselves  warm  by  exercise. 
'Fhese  illustrations  emphasize  the  importance  of  balance 
of  calories.  The  physician  is  responsible  not  only  for 
putting  them  into  the  patient  but  also  for  seeing  that 
they  are  conserved  or  eliminated  in  the  propei  manner. 
Heat  loss  is  just  as  important  as  heat  production. 

There  are  certain  diseases  in  which  not  only  the^  basal 
metabolism  but  also  the  total  metabolism  is  decidedly 
raised.  Chief  among  these  comes  toxic  diffuse  goiter, 
with  an  increase  in  the  basal  metabolism  which  may  be 
75  ]])cr  cent  or  more.  In  sdclitioii,  the  restlessness^  of 
the  patient  and  the  muscular  inefficiency  in  j^erforming 
tasks  raise  the  total  requirement  far  beyond  the  basal 
rate.  Emotional  storms  constitute  an  added  caloiic 
burden.  There  is  also  an  increased  metabolic  rate  in 
many  patients  with  lymphatic  leukemia,  pernicious 
anemia,  some  patients  with  acromegaly,  some  with 
heart  disease,  and  nephritis,  particularly  if  the  patient 
is  dvspneic.  There  is  a  rise  in  metabolism  in  fever. 
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perhaps  as  much  as  40  per  cent  in  a  patient  with  a 
tem|)erature  of  40  C.  (104  F.).  If  the  patient  is  rest¬ 
less  or  delirious  or  coughing,  the  total  metabolism  is 
affected  more  than  the  basal.  Agitated  mental  patients 
may  have  a  ver}'  high  requirement. 

The  depression  of  the  basal  metabolism  in  so-called 
complete  myxedema  is  usually  around  35  to  40  per  cent. 
A  similar  decrease  may  be  found  with  extreme  inanition. 
Elderly  patients  who  lie  quietly  in  bed  have  surprisingly 
low  total  metabolisms. 

There  may  be  considerable  loss  of  ingested  calories 
in  the  feces,  as  for  example  in  pancreatic  or  hepatic  dis¬ 
ease  with  poor  absorption  of  fat.  Interference  with  bile 
flow  or  with  the  abdominal  l}mph  channels  may  also 
affect  fat  absorption.'*  Excretion  of  fat  may  be  extremely 
important  in  the  feeding  of  premature  infants.®  Of  the 
120  calories  per  kilogram  of  body  weight  contained  in 
the  daily  diet,  10  to  30  per  cent  may  be  lost  as  fat  in 
the  feces.  The  loss  is  reduced  by  lowering  the  fat 
intake.  Full  term  infants  usually  waste  less  than  10  per 
cent  of  the  food  calories  by  fat  excretion.  Roughage  or 
indigestible  carbohydrate  residue  increases  the  fecal 
excretion  of  nitrogen,  presumably  from  endogenous 
secretions.  Recent  interest  in  whole  wheat  cereals  has 
led  to  a  confirmation  of  the  loss  of  nitrogen  but  has 
shown  no  interference  in  the  digestion  of  fat  or  carbo¬ 
hydrate.®  These  observations  on  men  should  be  extended 
to  children  and  patients  who  may  be  less  able  to  tolerate 
roughage.  In  diabetes  the  caloric  loss  from  glycosuria, 
which  niay  be  considerable,  should  be  subtracted  from’ 
t  le  available  calories  of  the  food.  Fortunately  with 
insulin  extremely  great  losses  are  now  rare 
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16  years  may  use  4,000  calories  a  day. 
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Bearing  all  these  factors  in  mind,  it  is  usually  possible 
to  form  a  rough  estimate  of  the  calories  produced  by  a 
normal  j^erson  or  a  person  with  a  given  disease.  Since 
the  basal  metabolism  of  different  persons  may  vary  10 
to  15  per  cent  from  the  average  and  since  in  the  same 
person  it  may  vary  5  to  15  per  cent  from  day  to  day, 
it  is  obvious  that  one  cannot  make  an  accurate  predic¬ 
tion.  Moreover,  the  basal  metabolism  is  only  a  small 
proportion  of  the  total  metabolism  unless  the  person 
is  confined  to  strict  bed  rest.  Therefore,  in  estimating 
the  total  caloric  requirement  it  is  almost  impossible  to 
guess  the  basal  metabolic  requirement  within  100  to  200 


Table  1. — Total  Energy  Requirement  Every  Twenty-Four 
Hours,  Including  Eight  Hours  of  Labor,  as  Esti¬ 
mated  by  Becker  and  Hdmdldinen 


Men 

Calories 

.  2, COO  -  2,800 

.  3,000 

.  3,100 

.  3,400  -  3,500 

.  3,500  -  3,600 

.  3,600  -  3,600 

.  4,700  -  5,200 

.  5,500  -  6,000 

Women 

.  2,000 

. .  2,100  -  2,300 

.  2,100  -  2,300 

nUUSt^ilUJU  ed  . .  o  AAA  O  'TAA 

Washerwomen . 

calories.  Still,  in  figuring  out  a  dietary  it  is  a  help  to 
estimate  the  person’s  height  and  weight,  find  the  age 
and  figure  out  the  basal  metabolism  without  bother¬ 
ing  to  calculate  closer  than  the  nearest  100  calories. 
For  a  person  quiet  in  bed  one  can  add  10  per  cent , 
a  patient  moderately  active,  30  per  cent ;  a  patient  out 
of  bed  in  the  sickroom  during  the  day  but  moderately 
quiet,  50  per  cent.  The  day  may  be  divided  into  hours 
of  sleep,  rest,  moderate  activity  and  the  like;  then  one 
can  estimate  the  calories  consumed  each  hour  and  add 
the  total  of  estimates.  Fortunately,  it  is  seldom  neces¬ 
sary  to  come  within  200  to  400  calories  of  the  tota 
metabolism.  One  of  the  best  checks,  nature’s  own,  is 
the  appetite,  which  in  most  normal  persons  regulates 
the  weight  with  surprising  accuracy.  This  regulation 
varies  in  disease  and  is  notoriously  faulty  in  the  obese. 
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Fairly  accurate  measurements  are  made  in  metabolism 
wards  in  which  some  patients  are  in  bed  and  others  are 
carrying  on  a  moderate  amount  of  activity.  All  the 
food  eaten  by  each  patient  is  carefully  weighed  and 
the  excreta  are  collected  and  analyzed.  Changes  in  body 
weight  are  charted  daily  and  the  food  intake  is  adjusted 
to  maintain  an  approximately  uniform  body  weight. 
In  laboratories  equipi^ed  with  a  large  respiration  cham¬ 
ber  or  calorimeter  in  which  a  man  may  remain  for 
several  days,  measurements  of  total  metabolism  can  be 
made  within  5  per  cent.  This  can  be  balanced  against 
the  food  intake,  but  the  normal  activity  of  the  person 
is  somewhat  restricted.  For  the  person  who  is  outdoors 


Table  2. — Recommended  Daily  Allozvanccs  for  Calories  (Rood 
and  Nutrition  Board,  National  Research  Council) 


Calories  per  Day 

70  Kg.  man,  fairly  active .  3,000 

very  aetive .  4,500 

sedentary .  2,!)00 

50  Kg.  woman,  fairly  active .  2,500 

very  aetive .  3,000 

sedentary .  2,100 

Children 

Under  1  year .  100/Kg. 

1  -  3  years .  1,200 

4  •  6  years .  1,600 

7  -  9  years .  2,000 

10  ■  12  years .  2,500 

13  - 15  years .  2^800  girls 

10  -  20  years .  2,400  girls 


3,200  boys 
3,800  boys 


vyorkmg,  the  total  requirement  can  be  estimated  from 
the  tables  of  occupations  given  in  the  textbooks  of  phvsi- 
ology  and  dietetics,  for  example,  table  1.^  The  Food 
and  Nutrition  Board  of  the  National  Research  Council « 
recently  has  recommended  the  general  standards  of 
caloric  requirement  for  children  and  .adults  under  aver¬ 
age  conditions  given  in  table  2.  A  good  deal  depends  on 
temperament  mid  habit,  since  there  may  be  two  clerks 

ofbpr  moving  and  placid  and  the 

other  quick  and  nervous,  who  will  have  quite  different 
requirements.  One  inan  takes  the  elevator  or  walks  up 

Walking  at  a 

late  of  5  miles  an  hour  requires  about  50  per  cent  more 
energy  than  walking  at  3  miles  an  hour. 

8.  Recommended  Allowances  for  thl  vA-‘ 
current  comment,  J.  Am.  Diet.  A.  17:565  (June.j\dy)^T94l'’ 
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The  calculation  of  the  calories  produced  is  only  the 
first  step  in  estimating  the  calories  of  the  diet.  The 
physician  may  wish  to  give  more  calories  than  the 
“requirement”  to  a  person  who  is  thin  or  who  is  conva¬ 
lescent  from  an  acute  disease.  On  the  other  hand,  he 
may  wish  to  give  an  amount  of  food  below  the  total 
expenditure  in  order  to  reduce  weight  or  to  diminish  the 
metabolism  or  the  total  work  of  the  circulation.  Again 
he  may  desire  to  give  an  amount  equal  to  the  expendi¬ 
ture  but  may  be  limited  by  the  lack  of  appetite  or  the 
condition  of  the  gastrointestinal  tract.  In  a  hospital 
ward  there  are  relatively  few  patients  whose  heat  pro¬ 
duction  is  even  approximately  equal  to  the  number  of 
calories  they  take  in  the  food.  Those  acutely  ill  are 
living  partly  off  the  restricted  diet  and  partly  off  their 
own  body  supply  of  fat  and  protein.  Those  who  are 
convalescent  are  storing  much  of  their  food  intake  as 
body  protein  or  body  fat.  In  patients  who  are  seriously 
ill  the  changes  in  weight  are  only  partially  due  to 
changes  in  body  protein  and  fat,  since  most  of  the  fluc¬ 
tuations  are  caused  by  gain  or  loss  in  body  water.  New¬ 
burgh  and  Johnston  °  have  shown  that  this  often  occurs 
in  the  obese  and  that  the  patient,  for  a  week  or  more, 
may  lose  large  amounts  of  body  tissue  before  there  is  a 
drop  in  weight.  In  the  long  run,  provided  there  is  no 
edema,  the  body  weight  is  the  best  indication  of  the 
adequacy  of  a  diet.  The  scale  should  be  used  regular  y 
with  the  ambulatory  patient,  and  frequent  weighings 
are  extremely  valuable  in  those  who  are  confined  to 

l>ed  (fig.  2).  ,  1  1  •  1  -ii 

Can  a  general  basic  diet  be  recommended  which  will 

fit  the  needs  of  the  average  patient  in  the  hospital  ? 

Other  requirements  besides  the  caloric  intake  need  to 

be  considered.  When  the  physician  is  confronted  with 

a  patient  who  cannot  take  a  sufficient  number  of  calories 

even  with  expert  cooking  and  skilful  nursing,  he  has 

the  responsibility  of  seeing  that  the  food  administered 

contains  the  essential  vitamins  and  minerals.  If  necp- 

sary,  they  can  be  supplemented  by  additional  vitamins 

in  concentrated  form.  In  some  liospitals  problem 

is  met  by  recommending  a  general  diet  of  2,000  calories, 

containing  75  Gm.  of  protein,  100  Gm.  of  ^ 

200  Gm.  of  carbohydrate.  This  general  diet  of  2,000 

9.  Newburgh,  L.  H..  and  Johnston,  M.  W.:  Ann.  Int.  .Med.  3.815 
(Feb.)  1930. 
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calories  seems  to  be  an  adequate  standard  for  the 
average  hospital  patient,  although  its  interpretation  for 
each  individual  must  be  a  liberal  one.  A  supply  of 
vitamins  and  minerals  adequate  for  a  normal  person  is 
provided  by  including  in  the  diet  the  following  “pro¬ 
tective”  foods:  1  pint  of  milk,  1  egg,  1  serving  (3  to 
4  ounces)  of  meat,  3  teaspoons  (15  Gm.)  of  butter. 
4  servings  of  whole  grain  bread  or  cereal,  2  vegetables 
(►ther  than  potato  1  of  which  is  raw,  and  2  fruits  1  of 


Kgm 

123.6 

123.4 

123.2 
123.0 

122.8 

122.6 

122.4 

122.2 
122.0 

121.8 

121.6 

121.4 
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120.8 

120.6 
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curve.  An  obese  subject  first  maintains  her  weiehf 

't  ^''■9  "protective'’  foods  thus  supply  about 
1,200  of  the  2,000  calories. 

.^n  appetizing  menu  may  lead  to  a  wide  variation  in 
le  daily  caloric  intake.  In  one  hospital  ■»  a  week’s 
survey  of  the  general  diets  as  served  showed  a  dadv 

average  of  2  570  calories.  But  the  food  served  does 
no  necessarily  represent  the  food  intake  of  the  patients 
ten  the  patients  in  seiniprivate  rooms  selected  food 

Hospital. '***'’'  ^tata  tioiii  the  Ueptirtnienl  of  Nulriiioii.  New  York 
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from  a  menu  of  approximately  3,000  calories,  about 
25  ])er  cent  of  the  bread,  butter  and  vegetables  and 
37  i)er  cent  of  the  salads  were  not  eaten.  The  ward 
patients  on  a  nonselective  diet  of  3,000  calories  left 
between  5  and  10  per  cent  of  the  food  served.  When 
special  diets  are  needed  it  is  essential  to  know  the  fond 
intake  as  well  as  the  food  prescription. 

To  meet  special  needs  additional  calories  can  be 
added  to  the  general  diet,  such  as  an  extra  pint  of  milk 
during  the  latter  part  of  the  period  of  pregnancy.  The 
extra  energy  required  for  lactation  depends  on  the 
amount  of  milk  produced.  The  extra  food  calories 
should  be  about  twice  those  secreted  in  the  milk,  or 
approximately  700  to  1,500  calories  of  food  for  500  to 
1,000  cc.  of  milk.  Dairy  products  are  the  preferred 
foods  for  supplying  the  extra  calories.  Excess  caloric 
intake  leading  to  fat  deposition  in  the  mother  during 
the  latter  period  of  pregnancy  influences  lactation  rather 
than  the  weight  of  the  child  at  birth. “ 

The  energy  requirements  of  the  body  under  various 
conditions  are  calculated  from  the  basal  metabolism  plus 
activity,  as  previously  noted,  according  to  the  oxygen 
consumption  and  the  physiologic  combustion  values  of 
protein,  fat  and  carbohydrate  derived  from  Rubner’s 
work.  Since  the  foodstuffs  vary  in  composition  and 
degree  of  assimilation,  the  slightly  lower  values  of 
Atwater  are  generally  used  for  the  calculation  of  diets 
in  this  country.  Atwater’s  figures  are  4  calories  ^i 
gram  for  protein  and  carbohydrate  and  8.9  caloiies  foi 
fat,  although  9  for  fat  is  frequently  used.  A  recent 
review^"  has  emphasized  the  lack  of  unifoimity  in 
specifying  diet  standards.  For  example,  100  Gm.  ot 
protein,  80  of  fat  and  500  of  carbohydrate  would  repre¬ 
sent  3,423  calories  as  purchased  (allowing  10  per  cent 
for  kitchen  and  table  waste),  or  3,204  Rubner  calories, 
or  3  112  Atwater  net  calories.  The  difference  becomes 
significant  when  the  results  of  laboratory  experiments 
are  translated  to  large  groups  of  persons. 

To  simplify  the  calculation  of  diets,  it  has  l>een  a 
common  practice  to  divide  the  vegetables  and  fruits  into 
general  classes  according  to  their  total  carbohydra  e 
content.  Recent  analyses  by  improved  methods  indicate 


11.  Oany,  K.  C., 
(April)  1936. 

12.  Morey,  N.  H.: 
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that  a  reclassification  of  some  of  the  foods  is  in  order. 
The  later  figures  for  available  carbohydrate  tend  to  be 
lower  than  those  in  the  generally  accepted  tables.^^ 
Another  possible  error  has  appeared  in  the  sample  to 
sample  variation  of  cooked  vegetables.  The  discrepancy 
between  the  calculated  carbohydrate  calories  and  those 
determined  by  direct  analyses  was  particularly  large  in 
boiled  squash,  parsnips  and  sweet  potatoes.^^ 

What  is  the  optimum  proportion  of  fat  to  carbo¬ 
hydrate  in  the  diet  from  the  standpoint  of  meeting  the 
caloric  needs  of  the  body  under  various  conditions? 
Exact  data  on  this  point  are  scarce.  Economic  factors 
dictate  the  diets  of  large  parts  of  the  population  and 
thus  lead  to  a  relatively  high  |)ercentage  of  the  cheaper 
carbohydrates.  This  situation  influenced  the  older  stand¬ 
ards  such  as  Voit’s,  which  called  for  60  to  70  per  cent 
of  the  calories  in  the  form  of  carbohydrate.  The  recent 
emphasis  on  vitamin  and  mineral  requirements  and  on 
the  biologic  value  of  proteins  tends  to  increase  the  fats 
and  decrease  the  carbohydrates.  This  is  seen  especially 
in  the  quoted  2,000  calory  general  diet  for  patients. 
Fat  provides  45  per  cent  and  carbohydrate  40  per  cent 
of  the  calories,  which  together  with  15  per  cent  from 
protein  yield  a  respiratory  quotient  of  0.83.  It  is 
perhaps  significant  that  a  similar  proportion  of  fat  to 
carbohydrate  (1:2  by  weight)  is  found  in  human  milk. 
When  a  free  choice  of  food  is  possible,  men  doing  heavy 
sustained  work  and  athletes  in  training  with  high  caloric 
intakes  of  4,500  to  7,500  calories  select  a  diet  containing 
15  per  cent  or  more  of  the  calories  in  protein  and  the 
balance  about  evenly  distributed  between  fat  and  carbo- 
hydrate.^=  Many  of  the  observed  respiratorv  quotients 
approach  the  median  level  of  0.85  in  continued  heavy 
exercise.  If  future  research  supports  the  present  indf- 
cation,  a  more  abundant  consumption  of  fat  would  be 
desirable  for  optimum  nutrition.^" 


!.  Nu'SioL"i9:^93  b'S‘b«.  W-  "  ■ 

19:415  (May)  1940 

15.  D.  P.:  Nutrition  Abstr.  &  Rev.  10:1  (July)  1940 

16.  Anderson,  W.  E.,  and  Williams  H  h  .  du  •  i  iV4n. 

^July)  1937.  'viMiams,  H.  H.:  Physiol.  Rev.  17:335 
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CHAPTER 


WATER  AND  SALT  REQUIREMENTS 
IN  HEALTH  AND  DISEASE 

JOHN  H.  TALBOTT,  M.D. 

BOSTON 


Salts  and  water  of  the  body  are  inextricably  bound 
in  their  interchange  between  organism  and  environment. 
This  generalization  applies  particularly  to  sodium, 
ix)tassium,  chloride,  bicarbonate,  phosphate  and  protein, 
electrolytes  which  are  the  principal  contributors  to  the 
pattern  of  intracellular  and  extracellular  fluid.  The 
exchange  of  these  electrolytes  and  the  exchange  of  water 
comprise  the  theme  of  this  chapter.  Several  other 
electrolytes  present  in  the  human  organism  such  as 
magnesium,  calcium,  lactate,  iron,  iodide  and  urate  are 
osmotically  unimportant  for  fluid  balance  and  will  not 
be  discussed.  The  anatomy  of  body  fluids,  i.  e.  the 
structural  compartments  and  the  concentration  of  elec¬ 
trolytes,  will  be  outlined  first.  It  will  be  followed  by 
an  inquiry  into  the  mechanism  of  the  ingress  of  the 
several  comi>onents  into  the  body.  The  remainder  of 
the  review,  which  is  proportionately  longest,  will  l^e 
concerned  with  their  egress  from  the*  body. 

It  is  deemed  most  appropriate  in  the  introduction  to 
give  credit  to  the  masters  in  the  field.  Dill,  Gamble, 
Hastings,  Henderson,  Peters,  Smith  and  Van  Slyke  and 
others  who  by  their  researches,  physiologic  and  clinical, 
have  contributed  in  large  measure  to  our  present  knowl¬ 
edge  of  body  fluids.  Several  of  their  contributions  have 
been  freely  drawn  on  in  the  preparation  of  this  article  ' 


THE  ANATOMY  OF  BODY  FLUIDS 

The  fluid  structures  of  the  l)ody,  as  was  Gaul,  are 
divided  into  three  parts,  blood,  interstitial  fluid  (includ¬ 
ing  lymph)  and  intracellular  fluid.  The  volume  of 
interstitial  fluid  is  the  most  labile  of  the  three  and 

Gamble,  J.  L  ,  LtrafelSar  Pl,ur.^?  E"”.  1538. 

Hopkins  Hosp.  61*  151  1937-  P(»nai  n  Vicissitudes,  Bull.  Johns 

Control  of  Acid-Base  Exc’retion  and  the  I^tfo"nf  ^’'^lacellular  Fluid; 


72 


JOHN.  II.  TALBOTT 


expands  or  contracts  with  the  changing  physiologic 
needs  of  the  body  such  as  occur  during  digestion,  sleep 
or  profuse  sweating.  In  morbid  disturbances  of  fluid 
balance  this  compartment  likewise  is  the  buflfer  between 
the  other  two  and  may  undergo  profound  alteration 
that  is  not  reflected  in  the  volume  of  blood  or  volume 
of  intracellular  fluid.  The  resistance  of  these  two  com¬ 
partments  to  change  at  the  exj>ense  of  interstitial  fluid 
is  an  example  of  the  rigorous  and  efifective  equilibrium 
exercised  by  the  body,  i.  e.  homeostasis.  The  concentra¬ 
tion  of  electrolytes  occupies  an  intermediary  jxDsition 
with  regard  to  capacity  to  change  under  varying 
stresses.  The  concentration  of  electrolytes  is  maintained 
within  a  narrow  range  in  health  in  each  of  the  three 
major  compartments  of  body  fluids.  In  sickness  the 
concentrations  of  plasma  and  interstitial  fluid  electro¬ 
lytes  yield  before  the  integrity  of  intracellular  fluid  is 
threatened. 

The  amount  of  fluid  in  the  body  is  approximately  70 
per  cent  of  the  total  mass.  This  is  distributed  as 
follows:  The  volume  of  circulating  blood  plasma  is 
approximately  5  i^er  cent  of  the  total  body  weight,  or 

3.5  liters  in  a  person  of  70  Kg.  (154  pounds).  Inter¬ 
stitial  fluid  comprises  15  per  cent  of  body  weight,  or 

10.5  liters.  Intracellular  fluid  comprises  50  j^er  cent 
of  body  weight,  or  35  liters  in  a  person  of  70  Kg. 

The  values  quoted  have  been  derived  from  experi¬ 
mental  procedures,  direct  and  indirect.  Plasma  volume 
may  be  determined  in  the  intact  animal  or  in  man  1,)} 
noting  the  dilution  of  an  intravenously  injected  nontoxic 
dye  by  a  method  similar  to  that  described  by  Gregerson. 
Gibson  and  Stead. =  Only  small  amounts  of  plasma  are 
needed  for  the  determination  if  the  readings  are  made 
in  a  photocolorimeter.^  Whole  blood  volume  is  calcu¬ 
lated  directly  from  plasma  volume  by  taking  into  account 
the  hematocrit  reading.  Interstitial  fluid  volume  may  be 
determined  simultaneously  if  a  few  decigrams  of  sodium 
thiocyanate  is  injected  with  the  dye.  No  satisfactory 


2.  Gregerson,  M. 
Determination  with 
Dye  T-1824,  Am.  J. 

3.  Gibson,  J.  G. 
Blood  Volume:  ly. 
colorimeter,  J.  Clin. 

4.  Crandall,  _L. 
State  of  Hydration 
Solution  of  Sodium 
126,  1934. 


I.;  Gibson.  J.  J..  and  Stead.  E.  A.:  Plasma  Volume 
Dyes:  Errors  in  Colorimetry;  the  Use  of  the  Blue 

Physiol.  H3t  54,  1935.  r  *u 

2d  and  Evelyn,  K.  A.:  Clinical  Studies  of  the 
’Adaptation  of  tL  Method  to  the  Photoelectric  Micro- 
Investigation  17:  153,  1938.  c  *i,~ 
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method  has  been  devised  for  determining  volume  of 
intracellular  fluid  or  of  total  body  watei  in  human 
beings.  This  is  a  serious  void  in  the  armamentarium  of 
the  clinical  investigator.  1  he  values  given  for  these 
components  have  been  deduced  from  sacrifice  experi¬ 
ments  on  animals. 

The  concentration  of  electrolytes  in  the  fluid  com¬ 
partments  of  the  body  except  blood  is  less  amenable  to 
experimental  determination  than  are  the  volumes. 
Wdiole  blood  and  plasma  are  the  only  phases  that  may 
be  approached  directly.  The  concentrations  in  inter¬ 
stitial  fluid,  however,  are  similar  to  their  concentrations 
in  a  protein  free  filtrate  of  plasma.  Ibis  is  fortuitous 
and,  if  information  is  available  concerning  plasma. 

Concentration  of  Electrolytes  in  Arterial  Plasma 


Bases  Acids 


mEq.  per 

mEq.  per 

Liter 

Liter 

Sodium . 

.  140 

Chloride . 

.  104 

Potassium . 

.  4 

Biearbonate . 

.  25 

Calcium . 

.  5 

Proteinate . 

.  17 

Magnesium . 

.  a 

Phosphate . 

.  2 

Laetate . 

Undetermined . 

.  2 

Total . 

Total . 

deductions  concerning  interstitial  fluid  are  probably 
valid.  The  concentration  of  electrolytes  in  arterial 
plasma  of  a  normal  person  is  given  in  the  accompanying 
table. 

The  concentrations  in  venous  plasma,  except  for 
bicarbonate,  are  essentially  the  same  as  for  arterial 
plasma.  Inspection  of  the  data  shows  that  the  sum  of 
the  acids  equals  the  sum  of  the  bases.  The  solution  is 
slightly  alkaline,  the  /^hs,®  which  is  an  index  of  the 
hydrogen  ion  concentration,  being  7.40.  Within  the 
limits  /’h  4  to  />H  10  the  contribution  of  H  and  OH 
ions  to  the  foregoing  summation  would  be  negligible. 

le  sum  of  the  four  bases  may  be  expressed  as  total 
fixed  base  or  total  inorganic  base.  There  is  only  a 


5.  1  he  subscript  s  stands  for  serum.  I'ractir-ill v  j 

ence  between  hydrogen  ion  concentration  of  serum^’anH  nl^‘^ 

most  of  the  experimental  work  is  done  on  plasma  rather 

nmre  appropriate  designation  would  be  /...p  in  ,  "ace  of  ^ 
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negligible  quantity  of  organic  base  in  the  plasma  of 
normal  persons.  Total  fixed  base  may  be  determined 
with  a  high  degree  of  accuracy  by  electrodialysis  using 
not  more  than  0.2  cc.  of  material.®  If  the  bases  are 
determined  individually,  1  or  2  cc.  of  material  is  needed 
for  the  respective  constituents  (sodium,^  potassium,® 
calcium,®  magnesium’®).  The  value  for  the  sum  of 
the  individual  bases  is  useful  as  a  check  against  total 
fixed  base,  while  both  are  useful  as  a  check  against  the 
sum  of  the  determined  acids.  No  single  procedure  has 
been  devised  for  the  determination  of  total  acids  as  has 
been  devised  for  total  base.  Organic  and  inorganic 
acids  are  present  in  health  and  in  disease.  The  acids 
may  be  determined  individually  on  1  cc.  or  less  of  plasma 
(chloride,”  bicarbonate,’®  proteinate,’®  phosphate,”  lac¬ 
tate  ’®).  If  microprocedures  are  employed  it  is  possible 
to  collect  thoroughly  reliable  data  of  the  complete  acid- 
base  pattern  of  plasma  with  not  more  than  a  total  of 
10  cc.  of  material,  which  may  be  obtained  from  20  cc. 
of  whole  blood. 


The  nomenclature  milliequivalents  per  liter  (inEq./L) 
used  to  express  concentration  of  constituents  seems  for¬ 
midable  to  many  physicians.  It  is  no  more  mysterious, 
however,  than  milligrams  or  centimeters  to  the  uniniti¬ 
ated.  If  concentrations  are  expressed  in  milliequivalents 
per  liter,  values  for  different  constituents  readily  may 
be  compared,  as  in  the  statement  previously  made  that 


6.  Consolazio.  W.  V.,  and  Talbott.  J.  H.:  The  Determination  of  Total 
Base  in  Biological  Material  by  Electrodialysis,  J.  Biol.  Chem.  13.4: /SJ. 
1940 

7.  Butler,  A.  M.,  and  Tuthill,  E.;  An  Application  of  the  Uranyl  Zinc 
Acetate  Methcxl  for  Determination  of  Sodium  in  Biological  Material. 

8!°Consol^i^^w!^V.,^and’ Talbott,  J.  H.:  Modification  of  the  Methal 
of  Shohl  and  Bennett  for  the  Determination  of  Potassium  in  Serum  .ind 

Urine,  J.  Biol.  Chem.  136:  55,  1938.  r  l  t--  i  n  .i,  i  <■ 

9.  Clark,  E.  P.,  and  Collip,  J,  B.:  Study  of  the  Tisdall  Method  foi 
the  Determination  of  Blood  Serum  Calcium  with  a  Suggested  Modifica 

“To/crulScallagiianf  for  the  Microdetermii.ation  of 

S‘r‘Mier^Kle®t?rUS!.b,!”t  Chlorides  in  Biological  Material.. 
Presentation  of  Method  and  Analysis  of  Its  Use,  J.  Biol.  Chem.  lift. 

^*i2.^Van  Slyke,  D.  D.,  and  Neill,  J.  M.:  The  Determination  of  Gases 
in  Blood  and  Other  Solutions  by  Vacuum  Extraction  and  Manometnt 

\lpasur6mcnt«  T*  Biol.  Chem.  01*  S23»  1924.  ^  _ 

fa  PeTers.’J.  P.,  and  Van  Slyke,  D  D.:  Quantitative  Clinical  Chen, 
istrv  Baltimore,  Williams  &  Wilkins  Company  2:51^6,  1932. 

14’  E.  and  Tschopp.  E.:  Ueber  die  Reduk  ion  der  Phos 

phormolybdans’aure  zu  “Molybdanblau”  und  fiber  die  quantitative  Bestim 
Cng  von  Phosphat-  neben  Silikat-  und  Arseniationen  in  der  Biologic. 
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Human  Blood,  J.  Biol.  Chem.  125:  571,  1938. 


WATER  AND  SALT  EXCH  ANGE 


75 


(he  sum  of  the  bases  should  equal  the  sum  of  the  acids. 
Comparison  would  be  impossible  if  a  heterogeneous 
nomenclature  were  used  and  sodium  were  expressed  as 
milligrams  per  hundred  cubic  centimeters,  protein  as 
grams  per  hundred  cubic  centimeters  and  bicarbonate 
as  volumes  per  hundred  cubic  centimeters.^® 

Sodium  and  chloride  comprise  the  bulk  of  the  electro¬ 
lytes  in  plasma  and  interstitial  fluid.  The  presence  of 
iwtassium  in  plasma  is  little  more  than  evidence  of  its 
migration  to  and  from  intracellular  spaces.  Protein  is 
essential  for  maintenance  of  osmotic  pressure  in  the 
blood.  It  is  expressed  as  the  acid  proteinate  in  the 
table.  Bicarbonate  and  phosphate  participate  in  two 
functions.  Both  are  waste  products  of  metabolism  but 
in  the  process  of  elimination  contribute  to  the  regulation 
of  the  acid-base  equilibrium  of  the  body. 


THE  INGRESS  OF  WATER  AND  SALT  INTO 
THE  BODY 

Water  gains  entrance  into  the  body  in  health  by  way 
of  the  upper  gastrointestinal  tract.  It  may  be  ingested 
as  a  liquid  or  as  the  fluid  content  of  foodstuffs.  A 
small  quantity  of  water  in  addition  is  formed  within  the 
body  daily  during  the  metabolism  of  foodstuffs.  The 
fluid  requirements  of  persons  who  live  a  sedentary  life 
are  satisfied  ordinarily  by  the  habitual  intake  of  fluid 
with  and  between  meals.  Most  {persons  do  not  wait 
until  they  are  thirsty  to  take  liquids  but  have  learned 
by  habit  that  periodic  ingestion  keeps  them  from  becom¬ 
ing  thirsty.  Following  inadequate  intake  of  fluid  or 
increased  loss  from  the  body,  such  as  is  produced  by 
sweating  during  strenuous  exercise,  the  sensation  of 
thirst  appears. 

The  pathogenesis  of  thirst  has  not  been  decided 
with  finality,  but  Dill  ^  has  presented  several  convincing 
arguments  from  the  available  ex|>erimental  data  He 
has  concluded  that: 


Thirst  does  not  necessarily  depend  on  a  dry  mouth.  Thirst 
vvithom  a  dry  mouth  is  experienced  by  man  at  the  evening  meal 
after  hard  work  on  a  hot  day.  It  is  experienced  by  Lrine 
eleosts  despite  a  constantly  flowing  stream  of  water  through 

the  mouth.  Normal  dogs  without  salivary  glands  do  not 
exhibit  unusual  thirst. 


Oh\osYaKi.;S;  Chemical  Procedures. 

17.  Footnote  deleted  on  proof. 
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Thirst  does  not  liave  a  single  dependence  on  osmotic  pressure 
of  body  fluids.  A  small  increase  in  osmotic  pressure  produced 
by  ingestion  of  sodium  chloride  produces  intense  thirst,  while 
if  the  same  increase  in  osmotic  pressure  is  induced  by  urea 
the  thirst  is  only  moderate. 

1  hirst  does  not  depend  on  volume  of  blood  plasma  nor  of 
extracellular  phase  of  other  tissues.  Intraperitoneal  injection 
of  glucose  solution  reduces  the  volume  of  the  extracellular 
phase  without  causing  thirst. 

Thirst  depends  on  diminished  water  content  and  possibly 
increased  osmotic  pressure  of  body  cells.  While  thirst  may  be 
somewhat  alleviated  by  rinsing  the  mouth,  it  can  be  satisfied 
only  when  water  has  been  delivered  by  the  blood  stream  to 
the  tissue  cells  that  are  demanding  it. 

The  mechanism  by  which  the  demand  for  water  makes  itself 
known  remains  to  be  elucidated.  Contractions  of  the  smooth 
muscle  of  the  esophagus  may  be  involved. 

Thirst  is  a  sensation  that  man  has  associated  with 
lack  of  fluid  in  the  body  and  usually  is  satiated  by  inges¬ 
tion  of  water.  Thirst  associated  with  dehydration,  how¬ 
ever,  whether  in  sickness  or  in  health,  is  probably  an 
index  of  salt  lack  as  well  as  fluid  lack.  Indeed,  if 
dehydration  is  profound,  ingestion  of  water  without 
sodium  chloride  does  not  satiate.  The  ability  to  dis¬ 
tinguish  between  desire  for  water  and  desire  for  salt 
is  believed  by  students  of  natural  history  to  be  highly 
developed  in  animals.  Man  presumably  has  lost  this 
fine  sense  of  discrimination.  It  is  possible  that  during 
the  evolutionary  era  a  trick  was  played  on  man,  since 
his  need  for  salt  is  quite  as  vital  as  that  of  animals. 

A  detailed  presentation  of  the  intake  of  the  salts  will 
not  be  attempted.  Kxcept  for  certain  unusual  circum¬ 
stances  the  requirements  of  the  body  should  be  satisfied 
by  the  salts  in  the  diet.  This  will  be  considered  at 
length  by  Icie  G.  Macy  in  another  article  in  this  series.'" 

EGRESS  OF  WATER  AND  SALT  FROM  THE  BODY 

Fluid  is  lost  from  the  body  in  expired  air,  sweat, 
gastrointestinal  discharges  and  urine.  The  losses 
through  the  first  three  channels  total  approximately 
2  liters  daily  and  are  essentially  beyond  voluntary  con¬ 
trol.  The  quantity  of  water  which  remains  for  disixisal 
after  these  requirements  have  been  satisfied  is  voided  by 

18.  Macy,  Icie  (J.:  The  Principal  .Mineral  Elements  in  Nutrition.  J  A. 
.M.  A.,  to  be  published. 
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the  kidneys.  The  kidneys  act  in  this  capacity  as  the 
buffer  organ  for  excretion  of  fluid  just  as  interstitial 
fluid  is  the  buffer  compartment  for  storage  of  fluid.  If 
an  excess  of  water  has  been  taken  into  the  body,  the 
kidneys  are  called  on  to  excrete  it.  If  the  quantity  of 
body  water  is  less  than  normal,  little  or  no  urine  may 
be  voided.  The  other  excretory  channels,  meanwhile, 
continue  to  have  their  requirements  satisfied. 

Respiration  is  a  complex  mechanism  that  involves 
loss  of  water  vaix)r,  gas  exchange  and  regulation  of  the 
acid-base  equilibrium  of  the  body.  The  delivery  of 
oxygen  to  the  alveolar  spaces  and  to  the  circulating 
hemoglobin  in  the  pulmonary  vessels  is  a  vital  process. 
The  removal  of  carbon  dioxide  occurs  simultaneously 
and  permits  large  quantities  of  acid  to  be  eliminated. 

The  concentration  of  bicarbonate  in  the  acid-base  table 
is  given  as  25  niEq.  per  liter  of  arterial  plasma.  This  is 
the  concentration  of  carbon  dioxide  bound  to  base.  An 
additional  small  amount,  approximately  y>i)  of  25  mEq. 
per  liter,  is  in  solution  in  the  water  of  the  plasma.  This 
is  free  carbon  dioxide,  the  concentration  of  which  is 
conditioned  by  the  partial  pressure  of  carbon  dioxide  in 
the  alveolar  air.  which  is  dependent  successively  on  ])ul- 
monary  ventilation.  The  sum  of  free  and  hound  carbon 


dioxide  is  known  as  total  carbon  dioxide  content,  the 
amount  obtained  from  the  Van  Slyke  gasometric  deter¬ 
mination.  The  total  carbon  dioxide  content  of  plasma  in 
health}  peisons  is  of  the  same  order  of  magnitude  as 
the  carbon  dioxide  combining  power.  There  may  be  a 
considerable  discrepancy,  however,  between  these  values 
in  certain  disturbances  of  acid-base  balance.  Determi¬ 
nation  of  total  carbon  dioxide  content  is  to  be  preferred 
to  determining  combining  capacity,  as  it  is  a  more 
reliable  procedure  and  productive  of  more  information. 

The  pn  of  plasma  is  dependent  on  the  ratio  of  free 
to  bound  carbon  dioxide  as  well  as  the  total  content 
of  carbon  dioxide.  When  this  ratio  is  disturbed,  acidosis 
or  alkalosis  results.  Acidosis,  such  as  is  observed  in 
nephritis  and  in  diabetic  coma,  is  associated  with  a 
decrease  in  concentration  of  total  carbon  dioxide  This 
depression  is  reflected  in  botit  free  a.Kl  botnid  carbon 
dioxide  with  a  relatively  greater  eflfect  on  the  bound 
frac  ion.  On  the  other  liand.  tlie  familiar  tyire  of 
alkalosis  which  follows  the  ingestion  of  alkaline  powders 
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is  accompanied  by  an  increased  total  carl)on  dioxide 
content  with  a  relatively  greater  increase  in  bound 
carbon  dioxide. 

Since  the  pn  of  plasma  is  determined  by  the  ratio 
of  free  to  bound  carbon  dioxide,  there  are  two  other 
IX)ssible  combinations  of  acid-base  disturbance.  Both 
are  relatively  uncommon  and  follow  an  unorthodox 
pattern.  Hysterical  hyperventilation  is  an  example  of 
alkalosis  with  the  total  carbon  dioxide  content  of  the 
plasma  below  normal. Superficially  one  might  expect 
acidosis  with  a  low  carbon  dioxide  content.  The  body 
uuids  show  increased  alkalinity,  however,  since  free 
carbon  dioxide  is  reduced  proportionately  more  than 
bound  carbon  dioxide.  On  the  contrary,  with  obstruc¬ 
tion  of  the  respiratory  passages  or  emphysema  an  aci¬ 
dosis  results.  The  total  carbon  dioxide  content  of  the 
blood,  meanwbile,  is  above  normal.  The  elimination  of 
carbon  dioxide  from  the  alveolar  spaces  is  impeded, 
free  carbon  dioxide  accumulates  in  the  plasma  and  the 
ratio  is  shifted  to  the  acid  range. 

Sweating,  like  respiration,  is  a  highly  integrated 
process.  The  excretion  of  water  in  the  sweat  is  neces¬ 
sary  for  dissipation  of  heat  and  maintenance  of  body 
temperature.  It  is  expensive  for  the  body,  however, 
because  of  the  seemingly  unnecessary  loss  of  salts.  The 
content  of  sodium  and  potassium  salts  in  sweat  is 
appreciable,  but  they  serve  no  known  purpose.  The 
sweat  glands  are  developed  sufficiently  to  elaborate  a 
protein  free  filtrate  of  plasma,  but  they  cannot  produce 
a  salt  free  filtrate.  The  concentration  of  sodium  chloride 
is  one-fifth  to  one-half  as  great  as  in  plasma.  The 
quantity,  however,  which  may  be  dissipated  dail)  by 
profuse  sweating  is  not  widely  appreciated.  Man) 
Iversons  sense  that  strenuous  exercise  in  a  high  environ¬ 
mental  temperature  is  accompanied  by  excessive  sweat¬ 
ing  and  salt  loss.  On  the  other  hand,  few  i>ersons  are 
aware  that  a  sedentary  existence  in  a  hot  environment  or 
strenuous  exercise  in  a  cold  environment  may  be  associ¬ 
ated  with  a  dissipation  of  significant  quantities  of  sodium 
chloride.  If  strenuous  exercise  in  a  cold  environment 
is  undertaken  by  persons  suitably  clothed  in  woolens 
for  protection,  sweating  is  profuse  and  loss  of  salt  may 


19.  Talbott,  J.  H. 
Consolazio,  W.  V.: 
Hysterical  Hyperven 
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be  significant.  The  matter  of  sodium  chloride  defi¬ 
ciency  is  of  concern,  therefore,  to  persons  living  in 
cold  as  well  as  in  warm  climates  and  to  members  of  our 
armed  forces  undergoing  heavy  maneuvers  in  cold 
regions  as  well  as  in  tropical  regions. 

The  volume  of  sweat  lost  during  eight  hours  of 
strenuous  work  in  a  hot  environment  may  be  as  great 
as  10  or  15  liters,  each  liter  containing  as  many  as 
3  or  4  Gm.  of  sodium  chloride.  Somewhat  smaller 
amounts  may  be  lost  daily  by  patients  with  fevers.  No 
ill  effects  may  be  attributed  to  the  excessive  exchange  if 
amounts  lost  are  replaced  periodically.  If  this  is  not 
achieved,  symptoms  of  sodium  chloride  deficiency  may 
appear.  Fluid  depletion  usually  accompanies  salt  lack, 
such  as  in  dehydration,  but  sodium  chloride  deficiency 
l>er  se  is  associated  with  certain  symptoms. 

The  gradual  development  of  uncomplicated  salt  defi¬ 
ciency  in  a  sedentary  i^erson  leads  to  weakness,  excessive 
fatigue,  anorexia  and  nausea. Physical  i>erformance 
is  impaired  and  mental  acuity  diminished.  A  thirstlike 
sensation  may  appear  which  is  not  alleviated  by  inges¬ 
tion  of  fluid.  This  sensation  may  be  all  that  remains 
of  the  reaction  of  animals  to  lack  of  salt.  There  is  no 
change  in  rate  of  resting  pulse,  blood  pressure  or  body 
temperature.  The  development  of  many  of  these  symp¬ 
toms  in  hot  climates  has  been  attributed  to  some  mys¬ 
terious  action  of  the  tropics  and  has  been  called  tropical 
languor.  Be  this  as  it  may,  sodium  chloride  deficiency 
is  a  ^  real  phenomenon  and  militates  against  optimal 
physical  and  mental  performance. 

If  salt  loss  is  accompanied  by  fluid  loss,  the  usual 
consequence  of  strenuous  activity,  muscle  cramps  and 
prostration  may  develop.  In  previous  writings  these 
syndromes  have  been  called  heat  cramps  and  heat  pros¬ 
tration  ^  because  they  have  a]>j>eared  usually  in  persons 
exposed  to  high  environmental  temperatures.  With  the 
1  ecent  interest  in  wintei  sports  and  the  mihtarv  cam¬ 
paigns  of  World  War  II,  muscle  cramps  at  least  'may  be 
observed  following  strenuous  exercise  in  cold  regions 
as  well  as  in  hot  regions.  A  more  appropriate  title, 
therefore,  might  be  muscle  cramps  from  salt  loss  rather 


20  McCanc^  R.  A.:  Medical  Problems  in  Mineral  Metabolism-  III 
experimental  Human  Salt  Deficiency,  Lancet  1:  823,  1936  ' 
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than  heat  cramps.  A  syndrome  similar  to  heat  pros¬ 
tration  probably  is  rare  in  cold  environments.  It  is 
ternjx)rarily  incapacitating  in  hot  climates  but  is  not  a 
serious  malady.  During  the  1941  army  maneuvers  in 
Louisiana  and  in  the  Carolinas  several  hundreds  of  sol¬ 
diers  were  stricken  with  this  malady.  Attention  to 
adequate  sodium  chloride  intake  will  undoubtedly  pre¬ 
vent  similar  disabilities  in  actual  combat. 

Aluscle  cramps  from  salt  loss  are  painful  spasms  of 
the  voluntary  muscles  and  develop  in  {persons  engaged 
in  strenuous  physical  activity.  The  pathogenesis  of 
symptoms  has  been  shown  to  l)e  a  function  of  decreased 
sodium  chloride  content  of  the  body  and  not  to  water 
intoxication.  Susceptibility  to  cramps  varies  among 
persons  as  well  as  with  the  duration  of  exposure  to 
conditions  which  induce  cramps.  Susceptibility  may 
reach  a  maximum  during  the  first  days  of  excessive 
sweating  before  adjustment  and  acclimation  begin  to 
o|>erate.  Acclimation  is  associated  with  a  decreasing 
concentration  of  sodium  chloride  in  the  sweat,  although 
the  volume  of  sweat  excreted  may  be  unchanged.  Par¬ 
ticular  attention  should  be  given  to  salt  intake  during 
the  first  days  of  excessive  sweating  if  cramps  are  to  be 
avoided. 

The  i)revention  and  treatment  of  sodium  chloride  defi¬ 
ciency  is  theoretically  and  practically  a  relatively  simple 
matter.  The  salt  intake  should  be  increased  if  exposure 
to  high  temperatures  is  anticipated  or  if  physical  activity 
in  the  cold  is  contemplated.  daily  intake  of  15  Gin. 
of  sodium  chloride  will  protect  against  most  symptoms 
of  salt  deficiency.  Some  j^ersons  will  consume  this 
amount  in  a  high  salt  diet.  Others  need  extradietary 
salt  as  salt  tablets  or  a  saline  drink.  If  a  central  sup- 
plv  of  drinking  water  is  available  such  as  in  mills,  in 
shops  or  in  army  barracks,  table  salt  may  be  added  at 
some  convenient  point  to  make  a  final  concentration  of 
0.1  per  cent.  A  solution  of  this  low  concentration  has 
only  a  slightly  saline  taste  if  it  is  consumed  cool  and 
allays  rather  than  promotes  the  sensation  of  thirst.  It 
is  thought  to  be  the  physiologic  way  to  replace  salt  lost 
in  the  sweat.  Since  the  hody  has  a  mechanism  for 
detecting  loss  of  water,  i.  e.  thirst,  only  sufficient  water 
will  be  ingestethto  satisfy  this  desire.  \\'ith  replacement 
of  water,  salt  is  replaced  but  only  as  is  needed  to  restore 
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anioiuits  lost  by  sweating.  In  installations  where  the 
general  salting  of  drinking  vv’^ater  is  not  feasible,  siicb 
as  in  combat  bivouacs,  reliance  must  be  placed  on  salt 
added  to  food  or  contained  in  salt  tablets.  A  1  Gm. 
salt  tablet  (15  grains)  may  be  taken  with  each  half 
liter  of  water  or  a  0.5  Gm.^  tablet  (73^  grains)  taken 
with  each  cup  of  water.  Although  these  recom¬ 
mendations  are  applicable  to  persons  excreting  excessive 
quantities  of  sweat  daily,  other  persons,  including  those 
at  sedentary  jobs,  will  benefit  from  an  increased  salt 
intake  during  hot  weather.  The  hazards  to  be  con¬ 
sidered  from  the  recommendation  on  such  a  broad  scale 


for  use  of  liberal  amounts  of  salt  are  not  believed  to  be 
significant.  The  kidneys  are  capable  of  excreting  any 
excess  salt  ingested  except  in  renal  failure  and  in  the 
])resence  of  edema.  Of  course  if  added  salt  is  taken  in 
the  drinking  water  and  thirst  is  allowed  to  dictate  fluid 
requirements,  the  salt  level  in  the  body  is  merely  main¬ 
tained  and  the  normal  range  is  never  exceeded. 

A  liberal  intake  of  fluid  is  imi>erative  for  persons 
subjected  to  excessive  sweating  in  hot  weather.  It  is 
needed  to  provide  available  quantities  for  dissipation  of 
heat  as  well  as  to  maintain  the  internal  environment 
of  the  body.  The  temperature  at  which  water  should 
be  consumed  may  be  governed  by  individual  tastes. 
There  is  little  evidence  that  cool  water  by  itself  is 
harmful.  It  has  the  advantage  of  a  refreshing  action 
in  comparison  with  tepid  water.  The  moderate  use  of 
nonalcoholic  bottled  beverages  by  adults  subjected  to 
considerable  ])hysical  exercise  in  the  summer  is  gener¬ 
ally  considered  to  be  unobjectionable.  The  belief  that 
an  excessively  low  protein  diet  is  necessary  in  hot 
weather  is  without  experimental  confirmation.  An 
adequate  protein  intake  (from  60  to  100  Gm.  daily), 
in  addition  to  supplying  protein  necessary  for  mani- 
tenance  of  muscle  mass,  provides  more  sodium  chloride 
than  a  low  protein  intake. 

The  gastrointestinal  tract  requires  a  very  small 
amount  of  fluid  to  keep  the  fecal  mass  from  complete 
desiccation.  Large  amounts  of  fluid  may  be  lost  in 
sickness  associated  with  emesis  or  diarrhea  Gastric 
juice  contains  a  great  deal  of  chloride  but  a' relativelv 
low  concentration  of  base.  Diarrhea  discharges,  on  the 
other  hand,  tend  to  he  alkaline  with  a  pre^nderance 
of  base,  especially  {xitassium. 
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Lastly,  the  kidneys  excrete  the  remainder  of  available 
fluid  after  the  demands  of  the  lungs,  skin  and  gastro¬ 
intestinal  tract  have  been  satisfied.  It  is  not  intended  to 
imply  by  this  statement  that  this  is  a  haphazard  process, 
for  in  fact  it  is  a  very  precise  one.  The  kidneys  are  the 
buffer  organ  for  fluid  excretion ;  they  also  serve  as  a 
vital  excretory  organ  for  waste  products  and  share  with 
the  lungs  in  the  regulation  of  the  acid-base  equilibrium. 
The  functions  of  excretion  and  acid-base  regulation  are 
performed  by  the  nephrons,  the  functioning  units  of  the 
kidneys,  of  which  there  are  more  than  two  million  in  a 
normal  person.  The  nephrons  are  composed  of  the 
glomerulus,  convoluted  and  collecting  tubule  and  a  blood 
supply.  The  afferent  arteriole  enters  the  glomerulus, 
carries  blood  to  the  glomerular  capillaries  for  the  elabo¬ 
ration  of  glomerular  filtrate,  becomes  efferent  after  leav¬ 
ing  the  glomerulus,  continues  in  intimate  contact  with 
the  convoluted  tubules  through  a  second  capillary  net¬ 
work,  and,  after  the  functions  of  excretion  and  reabsorp¬ 
tion  are  performed,  becomes  a  venule.  This  scheniatic 
functioning  unit  of  the  kidney  as  presented  by  Smith 
is  a  useful  concept,  as  will  be  evident  in  the  discussion 
of  the  specific  duties  of  water  and  salt  exchange.  There 
is  little  support  for  the  thesis  that  individual  glomeruli 
and  nephrons  are  active  and  inactive  periodically  or 
rhythmically.  They  are  probably  all  working  at  the 
same  optimum  level  in  health,  and  what  is  happening  to 
one  is  probably  an  index  of  what  is  happening  to  all. 
.\natomic  and  functional  changes  alter  this  situation  in 

cllS03.SC 

Approximately  1.2  liters  of  whole  J^lood  passes 
through  the  nephrons  each  minute.  This  is  called 
effective  renal  blood  flow  and  is  approximately  one 
third  of  the  total  cardiac  output.  No  other  tissue  of 
the  body  save  for  the  lungs  claims  proixirtionately  as 
crreat  a  'volume  of  blood.  The  measurement  of  flow  of 
blood  to  the  kidney  whereby  this  value  is  derived  is  an 
ingenious  procedure.  If  a  few  cubic  centimeters  of 
diodrast,  the  same  preparation  used  for  pyelography,  is 
introduced  intravenously,  a  plasma  level  of  approxi¬ 
mately  2  mg.  i^er  hundred  cubic  centimeters  may  be 


22,  Smith.  H.  W.:  The  Physiology  of  the  Kidney,  New  York,  Oxford 
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achieved.  .Ml  the  diodrast  at  this  plasma  level  which 
enters  the  afferent  arterioles  of  the  kidney  is  removed 
from  the  blood  in  the  glomerular  and  tubular  capillary 
networks.  A  ix)rtion  is  removed  in  the  glomerular  fil¬ 
trate,  the  remainder  by  the  excretory  activity  of  the 
tubules.  It  is  not  imix)rtant  in  the  calculation  of  renal 
blood  flow  to  consider  the  paths  of  removal  from  the 
blood.  It  must  be  assumed,  however,  that  diodrast  is 
not  altered  during  its  passage  through  the  kidneys  and 
that  all  the  diodrast  in  renal  arterial  blood  is  removed 
by  the  nephron  before  the  venule  is  reached  and  is 
excreted  immediately  into  the  collecting  tubules.  If  the 
concentration  of  diodrast  in  the  blood  is  determined 
accurately  from  a  sample  of  plasma  and  the  amount  of 
diodrast  excreted  per  minute  by  the  kidney  is  deter¬ 
mined  by  urine  analysis,  it  is  possible  to  calculate  renal 
blood  flow.  As  an  example,  if  the  concentration  of 
diodrast  in  the  plasma  is  2  mg.  per  hundred  cubic  centi¬ 
meters  and  14  mg.  of  diodrast  is  excreted  j)er  minute 
into  the  bladder,  then  700  cc.  of  plasma  must  have 
entered  functioning  nephrons  to  provide  for  this  quantity 
of  diodrast.  The  calculation  of  whole  blood  flow  from 
jdasma  flow  is  possible  if  the  cell  volume-plasma  volume 
ratio  is  determined  by  the  hematocrit  reading.  If  whole 
blood  contains  40  per  cent  of  cells  and  60  per  cent  of 
plasma,  the  plasma  flow  of  700  cc.  is  only  60  per  cent  of 
the  total  whole  blood  flow.  Therefore  -2112.  |QQ  = 
approximately  1,200  cc.  =  renal  whole  blood  flow. 

The  next  step  to  be  considered  in  an  analytic  dis¬ 
cussion  of  the  elaboration  of  urine  is  the  formation  of 
glomerular  filtrate  from  a  portion  of  the  effective  plasma 
flow.  Rate  of  formation  of  glomerular  filtrate  is  mea¬ 
sured  by  clearance  of  inulin  or  mannitol,^^  starchlike 
jKilymers.  They  are  not  metabolized  by  the  body  if 
injected  intravenously  and  appear  unchanged  in  bladder 
urine.  The  path  of  excretion  is  exclusively  through  the 
glomerular  membrane ;  the  tubules  neither  reabsorb  nor 
excrete  either  substance.  If  the  concentration  of  inulin 
in  the  plasma  is  elevated  to  100  mg.  per  hundred  cubic 
centimeters  and  125  mg.  of  inulin  is  excreted  by  the 
kidney  into  the  bladder  per  minute,  125  cc  of  plasma 
must  have  participated  in  the  formation  of  glomerular 
hltrate  to  al  ow  this  quantity  of  inulin  to  be^  excretLl 
The  rate  of  formation  of  glomerular  filtrate  is  therefore 
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125  cc.  ])er  minute.  This  is  characteristic  of  a  healtliy 
man ;  about  one  fifth  of  the  effective  renal  plasma  flow 
is  concerned  with  glomerular  filtration. 

The  formation  of  glomerular  filtrate  is  the  result  of 
the  excess  hydrostatic  pressure  in  the  glomerular  capil¬ 
laries  over  and  above  the  combined  osmotic  pressure 
of  the  plasma  proteins  and  intraglomerular  pressure. 
Formation  of  filtrate  continues  until  the  osmotic  pres¬ 
sure  of  the  plasma,  due  to  concentration  of  proteins, 
increases  and  equalizes  the  pressure  inside  and  outside 
the  glomerular  capillaries.  Plasma  proteins  do  not  pass 
through  the  capillary  walls,  and  a  protein  free  filtrate 
of  plasma  is  elaborated  in  the  glomerulus.  The  concen¬ 
tration  of  electrolytes  in  glomerular  filtrate  except  for 
protein  is  similar  to  arterial  plasma.  The  qualitative 
and  quantitative  integrity  of  body  water  is  thus  main¬ 
tained.  After  the  formation  of  glomerular  filtrate,  the 
plasma  with  proteins  which  have  been  concentrated 
nearly  20  per  cent  flows  into  the  efferent  arteriole  and 
subsequently  into  the  contiguous  capillary  network  about 
the  tubule,  where  the  remaining  functions  of  renal 
activity  are  ]>erformed.  Such  functions  include  reab¬ 
sorption  of  a  large  portion  of  glomerular  filtrate,  forma¬ 
tion  of  ammonia  and  elimination  of  waste  products  by 
failure  to  reabsorb  them.  Most  of  the  glomerular 
filtrate  is  attracted  hack  into  the  capillary  network 


through  the  tubular  epithelium  by  virtue  of  the  increase 
in  osmotic  pressure  of  the  plasma,  which  has  exceeded 
the  decreased  hydrostatic  pressure.  Approximately  90 
l)cr  cent  of  the  water  and  salts  of  the  glomerular  filtrate 
are  reabsorhed  by  this  mechanism.  Urea,  carbon  dioxide 
and  phosphate  are  the  principal  waste  products  that  are 
not  reabsorbed  in  proixjrtion  to  fluifl.  All  except  1  or 
2  per  cent  of  the  remaining  10  per  cent  of  the  fluid  ot 
glomerular  filtrate  is  reabsorbed  by  the  tubular  epi¬ 
thelium  because  of  the  presence  of  the  antidiuretic  hor¬ 
mone  from  the  posterior  pituitary  gland.  Only  1  or 
2  per  cent  of  the  glomerular  fluid  in  healthy  j^ersons 
finally  finds  its  way  into  the  bladder.  This  seeming  y 
small  percentage,  however,  is  sufficient  to  account  for 
the  formation  of  2  liters  of  bladder  urine 
l)er  cent  of  125  cc.  equals  1.2  cc.  a  minute,  70  cc.  an 
hour,  and  1 ,800  cc.  in  twenty-four  hours. 

The  amount  of  glomerular  filtrate  formed ' 
ablv  constant  function  under  controlled  conditions  ai 
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is  not  dependent  on  amount  of  fluid  available  for  excie- 
tion  into  the  bladder.  A  normal  person  with  a  surface 
area  of  1.72  scjuare  meters  should  foim  approximately 
125  cc.  of  filtrate  a  minute  in  the  basal  state.  The 
mechanism  of  the  action  of  the  antidiuretic  hormone 
which  is  responsible  for  variation  in  urine  output 
depending  on  amount  of  available  fluid  has  been  sum¬ 
marized  by  V  erney  '■*  as  follows  :  The  administration 
of  water  causes,  presumably  through  the  mechanism  of 
the  central  nervous  system,  an  inhibition  of  the  secretory 
activity  of  the  pituitary  gland.  The  preformed  anti¬ 
diuretic  hormone  gradually  disappears  from  the  circu¬ 
lating  blood,  but  for  a  time,  about  thirty  minutes,  is 
present  in  sufficient  concentration  to  restrain  the 
activity  of  the  kidney.  As  the  concentration  of  pituitary 
hormone  in  the  circulating  blood  diminishes,  the  rate 
of  urine  formation  increases  to  a  maximum.  When  as 
a  result  of  diuresis  much  of  the  water  excess  is  removed, 
the  secretory  action  of  the  pituitary  gland  is  resumed 
and  the  rate  of  urine  formation  diminishes.” 

The  exchange  of  electrol)  tes  hy  the  kidney  follows  a 
channel  similar  to  water.  There  is  no  conclusive  evi¬ 
dence  that  any  of  the  electrolytes  are  excreted  by  tul)ular 
activity.  Most  of  the  inorganic  bases  and  acids  in 
glomerular  filtrate  are  reabsorbed  to  maintain  the  con¬ 
centrations  in  the  body.  Since  sodium  and  chloride  are 
the  predominant  electrolNtes  in  plasma,  they  are  the 
predominant  electrolytes  in  glomerular  filtrate.  Potas¬ 
sium  is  present  in  relatively  low  concentration  in  the 
plasma  and  may  be  reabsorbed  by  dift'erent  tubular  cells 
than  those  which  reabsorb  sodium ;  at  least  there  is  no 
recijn-ocal  excretion  of  sodium  and  potassium  by  the 
kidney.  On  a  high  potassium  intake,  several  times  the 
quantity  of  potassium  may  be  excreted  in  the  urine  as 
during  a  low  jxDtassium  regimen ;  the  sodium  excretion 
meanwhile  undergoes  little  change.-^ 

Approximately  90  per  cent  of  the  sodium  (and 
chloride)  m  glomerular  filtrate  is  reabsorbed  throuoh 
the  tubular  epithelium  because  of  the  increased  osmotic 
pressure.  All  of  the  remainder  that  is  reabsorbed  is 
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subject  to  hormonal  control  just  as  is  fluid.  Desoxy- 
corticosterone  or  a  similar  substance  elaborated  by  the 
adrenal  cortex  exercises  the  control.  Other  steroids, 
such  as  esterone,  progesterone  and  testosterone, may 
participate,  but  their  sodium  retaining  property  is  much 
weaker  than  that  of  desoxycorticosterone.  In  adrenal 
insufficiency,  with  inadequate  elaboration  of  cortical  hor¬ 
mones,  normal  quantities  of  sodium  are  not  reabsorbed 
by  tubular  epithelium  and  a  dissipation  of  this  electro¬ 
lyte  in  the  urine  is  evident.  The  action  of  desoxycorti¬ 
costerone  may  be  demonstrated  in  normal  persons 
following  an  injection  of  this  substance  as  well  as  in 
patients  suft'ering  from  a  deficiency  of  it. 

An  important  contribution  to  our  knowledge  of 
sodium  exchange  has  been  made  recently.  While 
retention  of  pathologic  amounts  of  sodium  during  the 
treatment  of  Addison’s  disease  may  follow  excessive 
assimilation  of  the  synthetic  hormone  desoxycorti¬ 
costerone,  abnormal  retention  of  sodium  has  never 
been  demonstrated  following  administration  of  excessive 
quantities  of  cortical  extract  prepared  from  animal 
adrenals.  The  explanation  of  this  paradox  has  been 
presented  by  Thorn  and  his  associates.^^  They  have 
shown  that  1 7-hydroxycorticosterone,  one  of  the  active 
principles  in  commercial  preparations  of  adrenal  cortex 
extract,  has  a  demonstrable  sodium  excreting  property 
which  may  be  as  potent  as  the  sodium  retaining  property 
of  desoxycorticosterone.  During  the  use  of  adrenal 
cortex  extract,  the  sodium  retaining  and  sodium  excret¬ 
ing  factors  are  approximately  balanced  and  edema  does 
not  develop.  A  similar  mechanism  presumably  operates 
in  health  to  maintain  the  constancy  of  sodium  in  the 
body. 

Phosphate  and  bicarbonate  participate  in  the  regula¬ 
tion  of  acid-base  equilibrium,  jmrticularly  in  the  acidifi¬ 
cation  of  urine,  during  their  elimination  from  the  body. 
The  reaction  of  glomerular  filtrate  is  neutral ,  the 
reaction  of  bladder  urine  is  acid.  Two  functions  are 
achieved  in  the  transformation  of  neutral  glomerular 
filtrate  into  an  acid  urine.  Base  is  retained  and  acids 
are  lost.  It  is  imperative  that  available  base  be  retained, 
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since  the  body  has  only  a  limited  supply.  All  of  the 
inorganic  base  found  in  the  body  is  ingested  in  food 
and  none  is  manufactured.  Acids,  on  the  other  hand, 
are  products  of  metabolism ;  they  are  manufactured  in 
large  quantities  and  must  he  excreted  if  life  is  to  be 
maintained.  Phosphate  contributes  to  this  regulation 
because  it  is  a  trivalent  acid.  Most  of  the  phosphate 
(80  per  cent)  is  dibasic  at  /)„  7.4,  the  reaction  of 
glomerular  filtrate.  As  the  urine  becomes  acid,  it  loses 
its  dibasic  proi>erty  and  at  4.8  it  is  present  as  a  mono¬ 
basic  salt.  Base  is  thus  conserved,  while  the  quantity 
of  acid  which  may  be  excreted  is  not  diminished. 
Bicarbonate  achieves  a  similar  result  by  allowing  base 
to  be  reabsorbed  by  tubular  epithelium,  leaving  high 
concentrations  of  carbonic  acid  available  for  excretion  in 
bladder  urine.-®  Yet  a  third  process  participates  in 
excretion  of  acid.  This  is  the  formation  of  ammonia 
from  amino  acids  in  the  tubular  epithelium.  Quantities 
of  ammonia  are  formed  for  neutralization  of  acid  sub¬ 
stances  in  health  as  well  as  in  acidosis,  meanwhile  allow¬ 
ing  inorganic  base  to  be  returned  to  the  body. 

There  are  two  conditions  which  illustrate  physiologic 
fluctuations  and  quasipathologic  states  of  water  and 
salt  exchange.  These  are  diuresis  and  dehydration, 
respectively.  Diuresis  is  an  interesting  aberration  of 
renal  function  which  may  be  induced  by  an  increased 
intake  of  fluid  or  by  one  of  several  drugs  or  chemical 
substances.  Diuretics  do  not  increase  appreciably  the 
rate  of  formation  of  glomerular  filtrate.  Some  diuretics 
increase  slightly  the  flow  of  blood  through  the  kidney, 
but  urine  output  is  not  afifected  by  this  increase  alone' 
The  principal  effect  is  impaired  reabsorption  of  water 
and  salt  by  the  tubules.  The  osmotic  diuretics  dextrose, 
sucrose  and  urea  are  present  in  high  concentrations  in 
glomerular  and  tubular  urine  and,  because  of  their 
intrinsic  osmotic  pressure,  they  prevent  normal  reab- 
sorption  of  water  and  salt.  The  xanthine  diuretics  are 
quite  different  chemical  substances,  although  their  action 
on  renal  exchange  is  similar  to  the  osmotic  diuretics. 
A  small  increase  in  rate  of  glomerular  filtration  is 
overshadowed  by  a  significant  depression  in  reabsorption 
ot  tubular  urine.  The  action  of  the  mercurial  diuretics 


88 


JOHN  H.  TALBOTT 


is  solely  on  the  reahsorptive  mechanism ;  no  extrarenal 
action  has  ever  been  (lemonstrated.  nor  is  there  any 
increase  in  rate  of  formation  of  glomerular  filtrate. 

Dehydration  may  be  caused  by  a  number  of  distur¬ 
bances  and  varies  in  degree  from  a  mild  state  without 
detectable  clinical  signs  to  alarming  severity  associated 
with  profound  prostration  and  collapse.  Either  inade¬ 
quate  intake  or  excessive  loss  of  water  and  salt  from  the 
gastrointestinal  tract  or  kidneys  may  be  responsible. 
During  the  early  stages  of  uncomplicated  dehydration 
there  is  a  diminution  in  volume  of  interstitial  fluid  and 
plasma,  while  the  conqxDsition  of  plasma  with  resj>ect  to 
water  and  salt  concentration  is  maintained.  If  the  dis¬ 
turbance  is  allowed  to  progress,  interstitial  fluid  volume 
and  plasma  volume  continue  to  decrease,  and  eventually 
serious  alterations  in  electrolyte  concentrations  in  the 
blood  may  be  demonstrated.  Serum  protein,  hematocrit 
and  red  blood  cell  counts  are  increased,  while  concen¬ 
trations  of  serum  sodium  and  chloride  are  decreased. 
If  dehydration  is  complicated  by  acidosis,  such  as  in 
untreated  diabetes  mellitus,  the  serum  bicarbonate  is 
decreased.  On  the  other  hand,  in  dehydration  from  loss 
of  gastric  juice,  as  in  pyloric  obstruction,  the  reaction 
of  the  blood  is  alkaline  and  the  concentration  of  blood 
bicarbonate  is  increased.  An  increase  in  concentration 
of  nonprotein  nitrogen  is  a  late  effect  produced  b}- 
renal  failure  and  by  increased  breakdown  of  body  pro¬ 
tein  if  supplies  of  carbohydrate  are  depleted. 

Renal  blood  flow  and  formation  of  glomerular  filtrate 
are  unimpaired  in  the  early  stages  of  dehydration. 
Because  of  the  ability  of  the  human  kidney  to  make  a 
hypertonic  urine,  nitrogen  products  continue  to  he 
excreted  with  a  very  small  urine  flow  while  essentialK 
all  the  sodium  chloride  is  reabsorbed.  Compensation 
cannot  be  maintained  indefinitely  as  dehydration  pro¬ 
gresses,  and  with  a  decreasing  plasma  volume  renal 
iilood  flow  diminishes.  The  viscosity  of  the  blood  is 
increased  as  the  proteins  are  concentrated ;  hydrostatic 
pressure  becomes  inadequate  to  form  glomerular  filtrate 
and  formation  of  urine  ceases.  One  or  more  days  usually 
elapses  before  the  appearance  of  anuria  in  untreated 

adults.  
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The  treatment  of  dehydration  is  not  as  complicated 
as  the  recognition  of  the  several  chemical  changes. 
Interstitial  fluid  has  probably  siififered  the  greatest 
\olume  change.  This  can  best  be  restored  by  physio¬ 
logic  solution  of  sodium  chloride.  Such  a  solution  con¬ 
tains  relatively  more  chloride  than  does  plasma  or 
interstitial  fluid,  but,  if  the  kidneys  have  not  ceased 
functioning,  any  excess  of  chloride  is  excreted,  leaving 
sodium  to  combine  with  carbon  dioxide.  Acidosis  is 
thereby  alleviated.  Dextrose  may  be  added  to  salt  solu¬ 
tion  and  is  especially  indicated  if  ketosis  is  present,  but 
it  should  not  be  given  initially  in  place  of  saline  solution. 
Whole  blood  or  ]>lasma  is  indicated  to  restore  colloid 
osmotic  pressure  if  blood  loss  or  starvation  complicates 
the  clinical  state.  Profound  acidosis  should  be  treated 
with  alkaline  solutions  in  spite  of  many  prejudices  which 
have  ap|>eared  in  the  literature  condemning  them.  No 
harm  should  result  from  their  judicious  use,  and  less 
of  a  burden  is  put  on  the  kidneys  for  regulation  of 
acid-base  balance  of  the  body.  Sodium  racemic  lactate 
is  very  popular  in  American  clinics  and  has  largely 
replaced  bicarbonate  solution.  One-sixth  molar  sodium 
lactate  is  isotonic  and  is  made  by  adding  one  part  of 
molar  sodium  lactate  solution  to  five  parts  of  sterile 
flistilled  water. The  approximate  lactate  requirements 
may  be  calculated  if  the  level  of  bicarbonate  in  the  blood 
is  known.  As  an  approximation,  10  cc.  of  solution  per 
kilogram  of  body  weight  is  required  to  raise  the  carbon 
dioxide  content  of  the  blood  10  volumes  per  cent.  If 
dehydration  is  accompanied  by  alkalosis,  saline  solution 
usually  suffices.  1  he  value  of  Ringer’s  and  other  com¬ 
plex  solutions  over  physiologic  solution  of  sodium 
chloi  ide  in  adults  is  doubtful,  although  in  infants  and 
children  replacement  of  calcium  and  ix)tassium  as  well 
as  sodium  may  be  necessary.  The  intravenous  route  for 
parenteial  therapy  is  to  be  preferred.  Sul)cutaneous 
infusions  are  painful  and  usually  unnecessary.  Theo¬ 
retically,  parenteral  therapy  should  continue  until  resto¬ 
ration  of  water  and  salt  concentrations  and  restoration 
of  body  weight.  Practically  it  is  feasible  to  relax  vigi¬ 
lance  with  partial  restoration,  and,  once  the  vicious 
chain  of  events  has  been  halted,  the  homeostatic  proc- 
esses  of  the  body  are  able  to  act  ef¥ectively. 
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PRINCIPAL  MINERAL  ELEMENTS 
IN  NUTRITION 

ICIE  G.  MACY,  Pn.l). 

DETROIT 


In  a  consideration  of  the  mineral  constituents  of 
tlie  body,  one  should  bear  in  mind  that,  while  these 
elements  constitute  only  a  small  portion  of  the  body 
weight,  they  enter  into  all  the  activities  of  the  body 
to  a  much  greater  degree  than  their  mere  weight  would 
indicate.  For  many  years  the  important  dietary  com¬ 
ponents  were  stateci  to  be  protein,  fat  and  carbohydrate, 
with  slight  emphasis  placed  on  water  and  minerals ; 
later,  vitamins  were  added  as  necessary  adjuncts.  In 
the  last  few  years,  however,  through  voluminous  rec¬ 
ords  of  physiologic  investigations,  the  mineral  elements 
have  come  into  prominence  and  are  now  recognized  as 
essential  participants  in  practically  every  metabolic 
process  carried  on  by  the  body. 

The  brief  summary  permitted  in  this  presentation 
forbids  reference  to  many  significant  studies  of  mineral 
metabolism.  For  the  most  part,  only  studies  which 
contain  analyses  of  food,  urine  and  feces  for  the  seven 
principal  minerals  will  be  used  as  the  basis  of  the 
present  summary  and  discussion.  This  should  not  be 
interpreted  to  mean  that  investigations  involving  fewer 
elements  have  not  contributed  to  a  broader  understand¬ 
ing  and  interpretation  of  the  physiologic  behavior  of 
the  whole  group  of  elements,  but  reference  to  all  the 
excellent  reports  which  have  appeared  is  unnecessary, 
since  recently  they  have  been  compiled,  integrated  and 
interpreted  in  monograph  form  by  Shohl  ^  and  ably 
summarized  and  cogently  reviewed  by  Sherman.- 

For  convenience  and  brevity  the  discussion  is 
restricted  primarily  to  consideration  of  the  entrance 
of  the  principal  mineral  elements  into  the  body,  through 
the  natural  foods  contained  in  a  well  balanced,  mixed 
dietary,  their  retention  and  general  use  in  the  body 
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and  llieir  exit  by  way  of  the  urine  and  feces.  Si)ecial 
emphasis  is  given  to  the  interrelationship  of  the  indi¬ 
vidual  inorganic  components  in  the  construction  and 
function  of  healthy  tissue  structure  in  infancy,  child¬ 
hood,  adult  man,  pregnancy  and  lactation.  Discussions 
of  the  relative  values  of  different  foodstuff's  as  sources  of 
these  nutriments  will  he  covered  in  chai)ters  dealing 
with  the  composition  of  foods  and  their  nutritive  value. 

MINERAL  COMPOSITION  OF  THE  I50DV 
large  ]X)rtion  of  the  ash  of  the  body  is  composed 
of  calcium,  magnesium,  sodium,  potassium,  phosphorus, 
sulfur  and  chlorine.  As.  these  elements  comprise  from 
60  to  80  per  cent  of  all  the  minerals  contained  in  the 
body,  they  may  he  considered  as  representing  the  prin¬ 
cipal  minerals  in  nutrition.  Table  1  illustrates  the 
mineral  content  of  the  whole  body  at  different  ages. 
Aging,  up  to  adulthood,  is  accompanied  by  an  increase 
in  total  ash,  an  increase  in  percentage  of  calcium  and 
|)hosphorus  and  a  decrease  in  magnesium,  sodium. 
])otassium,  chionne  and  sulfur.  In  accordance  with 
Moulton’s  ®  prediction  on  the  chemical  composition  of 
man.  the  ash  composition  at  birth  represents  approxi¬ 
mately  3  per  cent  of  the  body  weight. 

Together  with  protein,  fat,  carbohydrate,  vitamins 
and  other  chemical  components,  the  principal  minerals 
are  essential  to  the  structure  or  function  of  the  body 
at  any  age  or  stage  of  development.  Investigators 
during  the  past  two  decades  have  emphasized  the 
important  physiologic  role  of  the  principal  minerals  as 
individual  entities  in  nutrition  and  pointed  out  that 
through  their  interrelationship  with  one  another  they 
may  have  even  greater  and  far  reaching  significance 
in  the  process  of  life. 

.Approximately  99  per  cent  of  the  calcium,"  70  ])ei 
cent  of  the  phosphorus  and  magnesium  and  some  of  the 
sulfur,  sodium  and  chlorine  are  involved  in  the  con¬ 
struction  or  functioning  of  hone,  with  its  cartilaginous 
organic  matrix  impregnated  with  mineial,  while  con¬ 
siderable  quantities  of  phosphorus,  potassium  and  sulfui 
are  associated  with  nitrogen  in  the  formation  and  activi¬ 
ties  of  the  muscle,  glandular,  neural  and  epithelial 
tissues.  Sodium,  potassium  and  chlorine  and  to  a  lesser 
extent  the  other  elements  are  held  in  solution  in  the 

3  Moulton.  C.  K.:  Age  and  Chemical  Development  in  MammitU. 
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body  fluids,  giving  the  intracellular  and  extracellular 
fluids  their  vital  dynamic  characteristics  in  the  regula¬ 
tion  of  the  pH  of  the  tissues,  secretions  and  excretions,^ 
the  osmotic  pressure,  electroneutrality,  the  distnbution 
of  the  minerals  in  the  body  through  the  fluids,  the 
irritability  of  the  nerves  and  contractibility  of  the  mus¬ 
cles,  the  permeability  of  the  cells  and  general  metabo¬ 
lism.  The  proper  mixture  or  balance  of  the  salt 
solutions  in  the  body  is  of  fundamental  importance 
in  maintaining  the  integrity  of  function  of  isolated  cells 
and  organs. 

FOODS  AND  FEEDING 

In  order  to  meet  nutritional  needs  satisfactorily,  the 
consumption  of  each  essential  element  must  be  suffi¬ 
cient  to  cover  body  losses  and  to  provide  a  reserve 
for  the  formation  of  new  body  tissue  when  needed 

Table  1. — Mineral  Composition  of  the  Body* 


Body  Total  Per  Cent  of  Total  Ash 

Weight,  Ash,  r - - - - - — 


Age  Kg.  Gm.  Ca  Mg  Na  K  P  Cl  S  Total 

Fetus,  6  mos .  0.88  19  28  0.9  10  7  17  8  8  79 

Fetus,  7  mos .  1.16  30  23  0.8  8  7  14  10  C  69 

Newborn .  2.9  100  24  0.7  5  5  14  5  6  60 

Adult .  70  3,000  39  0.7  2  5  22  3  4  76 


*  Calculated  from  values  given  by  Shohl.* 


and  for  the  integration  of  changing  physiologic  activities 
in  growth  and  development.  Foods  vary  in  composi¬ 
tion,  the  absolute  and  relative  amounts  of  minerals  in 
different  foodstuffs  depending  on  the  kind  of  soil  in 
which  they  are  grown,  climatic  conditions,  water  supply 
and  varying  degrees  of  dehydration  due  to  storage  and 
handling.  When  the  determined  chemical  composition 
of  a  number  of  foods  commonly  used  in  the  average 
American  diet,  from  samples  collected  under  carefully 
standardized  conditions  at  intervals  over  a  period  of 
seven  years,  were  compared  with  the  most  recent  sum¬ 
mary  of  food  values,  the  percentage  differences  of  the 
average  determined  values  from  the  standard  tables 
varied  widely :  for  some  elements  less  than  3  per  cent, 
for  others  as  much  as  200  per  cent  or  more.^  Because 
of  the  variations  in  the  composition  of  foods  and  the 


(lilterences  in  food  habits  of  j^eople,  the  body  may  not 
receive  the  proper  quota  of  nutriments,  even  though  the 
dietary  is  adequate  according  to  published  standards 
for  food  values. 

The  population  may  be  divided  into  three  groups,  the 
well  fed,  the  underfed  and  the  misfed. 

The  well  fed  group  receives  a  diet  abundant  in 
quantity  and  composed  of  a  sufficient  variety  of  foods 
to  encomi^ass  all  the  essential  food  constituents  in  ample 
amounts  and  in  desirable  proportions  to  one  another. 
This  dietary  meets  the  requirements  of  producing  and 
maintaining  a  nutritionally  stable  body  in  the  most 
efficient  and  satisfactory  manner.  The  best  diet  need 
not  he  the  most  expensive  one,  as  many  of  our  most 
common  and  inexpensive  foods  possess  nutritive  superi¬ 
ority.  The  maintenance  of  a  well  balanced  dietary 
from  day  to  day  is  within  the  economic  resources  of 
every  one  but  requires  that  foodstuffs  be  selected  care¬ 
fully,  intelligently  and  thriftily  to  obtain  the  recognized 
essential  nutriments  in  the  most  abundant  amounts  and 
most  available  form  and  that  they  be  prepared  and 
served  in  the  manner  which  best  preserves  their  dietetic 
value  and  renders  them  most  easily  digested  and  assimi¬ 
lated.  An  adequate  food  mixture  which  is  digested 
readily  and  utilized  satisfactorily  is  a  prerequisite  to 
buoyant  health  and  nutritive  success. 

The  underfed  group  takes  a  diet  insufficient  in 
((uantity  to  meet  the  minimal  requirements  of  the  body. 
Such  a  diet  may  result  from  limited  economic  resources, 
ignorance,  indifference,  disease  or  personal  habits.  The 
misfed  group,  through  indifference,  ignorance  or  fad- 
(lism,  chooses  an  unbalanced  diet  that  will  not  permit 
the  desirable  synergistic  effects  of  the  food  components 
during  the  physiologic  processes  of  digestion  and  assimi¬ 
lation  and  subsequent  utilization.  The  malnourished 
individual  who  has  been  underfed  uses  larger  amounts 
of  nutriments  when  his  diet  is  improved,  while  the  mis¬ 
fed  actually  may  be  inhibited  from  using  certain  mate¬ 
rials  until  chemical  adjustments  have  taken  place  whhin 
the  tissues  to  a  degree  that  will  permit  retention.  Suc¬ 
cessful  mineral  metabolism,  therefore,  is  conditioned  by 
the  absolute  quantity  of  the  individual  minerals  m 
the  diet,  the  relative  proportions  among  them  and  the 
inherent  physiologic  background  and  make-up  of  the 
person  consuming  the  foods. 
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THE  METABOLIC  BALANCE 

The  term  metabolic  balance  has  been  applied  to  the 
procedure  of  determining  the  quantitative  intake  of  a 
food  constituent  over  a  given  period  of  time,  the  corre¬ 
sponding  quantitative  outgo  of  that  constituent  in  the 
feces  and  urine,  and  the  calculation  of  the  difference 
between  intake  and  outgo.  This  diflference  is  arbitrarily 
designated  by  the  term  retention  when  the  intake  is 
larger  than  the  outgo  and  loss  when  outgo  is  larger 
than  intake.  While  the  metabolic  balance  procedure  is 
a  reliable  method  for  observing  the  retention  of  minerals 
by  living  subjects,  difficulties  in  interpretation  arise  from 
the  fact  that  it  is  impossible  to  measure  directly  the  loss 
of  water  and  chemical  substances  through  the  skin,  and 
there  is  no  quantitative  method  of  partitioning  the  fecal 
content  into  the  amount  representing  unassimilated  food 
residue,  that  which  is  of  bacterial  or  glandular  origin, 
and  the  amounts  which  result  from  direct  excretion  of 
products  of  metabolism  into  the  intestine.  Although 
all  these  factors  must  be  recognized,  the  information 
obtained  from  metabolic  balance  investigation  has  broad 
application  in  nutrition  and  growth  and  yields  valuable 
information  about  physiologic  changes  that  occur  with 
administration  of  specific  dietaries  and  those  that  char¬ 
acterize  certain  pathologic  states. 


MINERAL  METABOLIC  BALANCES 


With  the  metabolic  balance  procedure  it  is  possible 
to  determine  with  a  high  degree  of  accuracy  the  amounts 
of  the  principal  minerals  in  the  food,  urine  and  feces. 
However,  the  retention  values  which  are  calculated  by 
deducting  the  outgo  in  urine  and  feces  from  the  food 
intake,  for  a  definite  period  of  time,  are  less  accurate, 
since  some  of  the  inorganic  elements  may  be  excreted 
through  the  skin.  The  magnitude  of  this  recognized 
inherent  error  varies  with  each  element,  depending  on 
the  amount  of  cutaneous  loss.  Recorded  in  the  litera¬ 
ture  are  relatively  few  metabolic  balances  which  have 
been  obtained  on  healthy  individuals  under  standardized 
conditions  and  include  simultaneous  determinations  of 
the  seven  electropositive  and  electronegative  minerals.® 
Table  2  presents  the  average  daily  intakes  and  retentions 


5.  Many  of  the  terms  used  by  Shohl  ^  in  lii<i  .,1  r  j 
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of  calcium,  magnesium,  sodium,  jxitassium,  phosphorus, 
chlorine  and  sulfur,  from  studies  considered  comparable 
for  infancy,®  childhood,'  adult  man,®  the  last  six  months 
of  pregnancy  ®  and  the  first  three  months  post  partumd" 
Calcium. — This  is  the  element  most  likely  to  be  defi¬ 
cient  in  the  American  dietary.^  The  lack  of  sufficient 


6.  Swanson,  W.  \V.:  The  Composition  of  Growth:  II.  The  Full 

Term  Infant,  Am.  J.  Dis.  Child.  43:  10-18  (Jan.)  1932.  Schlutz,  F.  \V.; 
Morse,  Minerva,  and  Oldham,  Helen:  Vegetable  Feeding  in  the  Young 
Infant:  Influence  on  Gastrointestinal  Motility  and  Mineral  Retention, 
ibid.  46:757-774  (Oct.)  1933. 

7.  The  average  daily  mineral  balances  have  been  taken  from  the 

mineral  balance  data  recently  published  (Macy,  Icie  G.:  Nutrition  and 
Chemical  Growth  in  Childhood:  I.  Evaluation,  Springfield,  Ill.,  Charles 
C  Thomas,  Publisher,  1942).  Since  the  data  were  accumulated  on  29 
healthy  children  aged  4  to  12  years  under  comparable  experimental  con¬ 
ditions  during  five  hundred  and  ninety-three  five  day  periods  (representing 
two  thousand,  nine  hundred  and  sixty-five  experimental  days)  they  have 
been  used  primarily  in  tracing  out  the  various  paths  and  functions  of 
the  individual  mineral  elements  and  the  total  electropositive  and  total 

electronegative  minerals  in  metabolism.  The  subjects  received  balanced 
diets  containing  ample  amounts  of  minerals,  vitamins  and  other  essential 
nutriments.  These  longitudinal  data  are  more  reliable  than  cross  sec¬ 

tional  data,  since  they  encompass  patterns  of  increment  and  rates  of 
growth  during  consecutive  intervals  and  at  different  ages.  Dearborn 
and  Rothney  (Predicting  the  Child’s  Development,  Cambridge,  Mass.. 
Sci-Art  Publishers,  1941,  p.  147)  have  estimated  that,  in  the  case  of 
standing  height,  the  available  longitudinal  data  on  only  248  cases  repre¬ 
sent  the  equivalent  of  cross  sectional  measurements  on  270,000  cases; 
Wilson  (Heights  and  Weights  of  Two  Hundred  and  Seventy-Five  Public 
School  Girls  for  Consecutive  Ages  of  7  to  16  Years  Inclusive,  Proc.  Nat. 
Acad.  Sc.  21:  633,  1935)  made  similar  estimates.  Indeed,  it  has  been 
estimated  that  oxygen  consumption  and  heat  production  measurements 
made  on  each  of  10  children  once  a  year  for  sixteen  years,  a  total  of 
one  hundred  and  sixty  observations,  would  give  as  much  information 
about  the  way  children  grow,  or  more,  than  one  observation  on  each  of 
2  500  children  (Talbot.  F.  B.;  Wilson,  E.  B.,  and  Worcester,  Jane: 
Basal  Metabolism  of  Girls:  Fliysiologic  Background  and  Application  of 
Standards.  Am.  J.  Dis.  Child.  53:  273-347  [Jan.]  1937E  Although  the 
values  for  the  different  age  groups  are  indicated  in  the  original  (Nutrition 
and  Chemical  Growth  in  Childhood:  I),  for  this  discussion  I  have  con¬ 
sidered  only  the  average  figures  for  childhood,  ages  4  to  1..  inclusive;  to 
consider  the  individual  age  groups  would  lead  to  a  consideration  of 
chemical  growth,  which  is  the  subject  of  a  treatise  now  in  preparation 
(Macy,  Icie  G.:  Nutrition  and  Chemical  Growth  of  Children:  II.  Inter- 

pretation^.rto  be  Studies  in  the  Mineral  Metabolism  of  Adult  Man, 

University  of  California  Publications  in  Physiology,  Berkeley.  University 

SlS  M“'s7h,>f.;ibu.ch,”A*na  T,;  Ma.sball,  Cl.dy.  1., 
and  Coons,  R.  R. :  Studies  in  Metabolism  During  Pregnancy,  Expeii 
ment  Station  Bulletin  223,  Oklahoma  Agricultural  and  Mechanical 
College  Stillwater,  1935.  Hummel,  Frances  C.;  Hunscher.  Helen  A.. 
Bates  Mary  F.;  Bonner,  Priscilla;  Macy,  Icie  ’ 

A  Consideration  of  the  Nutritive  State  in  the  Metabohsm  ^f  V'^^en 
During  Pregnancy,  J.  Nutrition  13;-63--/8  (.larc  ) 

Sternberger,  Hunscher  and  Macy.’*  tr»i»n  U  ■  Hunscher  Helen  A.. 

10.  Hummel,  Frances  C.;  Sternberger  Helen  R. .  Hut  seller,  tieien  /v^ 

onH  Marv  Icie  G  •  Metabolism  of  Women  During  the  Reproductive 
Cycle-  ^’ll-  Utilization  of  Inorganic  Elements  (A  Continuous  Case 

U.  S.  Dept.  Agri.,  1941. 
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(juantities  of  the  mineral  may  have  serious  consequence 
on  the  longevity  and  fruition  of  the  race.-  Ninety-nine 
per  cent  of  the  calcium  used  by  the  body  is  concerned 
in  bone  and  tooth  structure,  the  remainder  with  the 
body  fluids  and  soft  tissues.  With  an  average  dailv 
calcium  intake  of  0.72,  0.92  and  0.90  Gm.  for  infancy 
(first  year  of  life),  childhood  (4  to  12  years  inclusive) 
and  adult  man  there  were  average  retentions  of  0.14, 
0.18  and  0.15  Gm.,  respectively. 

An  individual  experiencing  rapid  skeletal  growth, 
having  augmented  physiologic  demands  or  possessing 
a  subnormal  concentration  of  calcium  in  the  bony  tis¬ 
sue  may  require  larger  amounts  of  calcium  in  proportion 
to  the  need  to  develop  a  satisfactory  physiologic  state. 
Table  2  evidences  that  the  amount  of  calcium  required 
increases  with  age,  growth  and  other  physiologic 
demands,  that  of  pregnancy  requiring  the  greatest 
amount.  During  the  last  half  of  pregnancy,  which  is 
generally  accompanied  by  increased  food  consumption, 
the  calcium  retained  is  used  in  repleting  the  maternal 
bodily  stores  and  in  building  new  maternal  tissues,  to 
meet  the  increasing  demands  of  the  parasitic  fetus,  the 
losses  accompanying  parturition,  and  in  preparation  of 
the  maternal  body  to  meet  postpartum  physiologic  read¬ 
justment  and  the  establishment  of  milk  flow.^®  A 
temporary  increase  in  retention  may  follow  an  increased 
intake,  whereas  a  change  in  dietary  calcium  to  a  level 
lower  than  before  may  in  itself  induce  a  negative  bal¬ 
ance.  It  is  known  that  some  of  the  adult  men  whose 
balances  are  reported  were  on  a  low  calcium  diet  pre¬ 
ceding  the  experimental  studies ;  ®  perhaps  this  accounts 
for  the  comparatively  large  average  daily  calcium  reten¬ 
tion  for  men. 

Individuals  vary  in  their  ability  to  utilize  the  calcium 
of  their  foods.  Indeed,  Mitchell,  Outhouse  and  their 


12  Shukers,  C.  F. ;  Macy,  Icie  G.;  Donelson,  Eva;  Nims,  ^tty,  and 
Hunscher,  Helen  A.:  Food  Intake  in  Pregnancy.  Lactation  and  Reproduc¬ 
tive  Rest  in  the  Human  Mother,  J.  Nutrition  4:399-410  (Sept.)  1931. 

11  Hunscher  Helen  A.:  Metabolism  of  Women  During  the  Repro¬ 
ductive  Cycle:  II.  Calcium  and  Phosphorus  UtilizaUon  in  Two  SucMsive 
Lactation ^ Periods,  J.  Biol.  Chem.  86:37-57  (March)  1^30. 
id?  G;  Hunscher.  •’Helen  A.;  pCosh.  Sylvia  S.,  Betty: 

Metabolism  of  Women  During  the  Reproductive  Cycle.  III.  Calaum 
Phosphorus  and  Nitrogen  Utilization  in  Lactation,  Before  and  After 
Simulementing  the  Usual  Home  Diets  with  Cod  Liver  Oil  and  Yeast, 
ibid’^  86 :  59-74  (March)  1930.  Donelson,  Eva;  Nims,  Betty;  Huns^er, 
Helen  A  '  and  Macy,  Icie  G.:  Metabolism  of  Women  During  the  Reproduc¬ 
tive  Cyder  IV.  Calcium  and  Phosphorus  Utilization  in  Late  I  actation 
and  During  Subsequent  Reproductive  Rest,  ibid.  91  :  675-686  (May)  1931. 
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co-workcrs  hHVC  emplissizccl  thst  it  is  3.S  ncccssciry  to 
know  how  well  a  person  utilizes  the  calcium  of  the  food 
which  he  eats  as  it  is  to  know  the  actual  calcium  con¬ 
tent  of  those  foods.  They  found  that  preschool  children 
and  adults  were  able  to  use  only  one  fifth  to  one  fourth 
of  the  calcium  in  milk,  but  there  were  variations  in  the 
ability  of  the  diflferent  individuals  to  use  the  calcium 
supplied.  Certain  vegetables  tend  to  depress  calcium 
utilization.^®  The  presence  of  vitamins  C  and  D  in  the 
diet  is  essential  in  calcium  utilization ;  similarly  there 
are  optimal  levels  of  phosphorus  and  fat  intakes,  in  rela¬ 
tion  to  the  calcium  consumed,  which  permit  the  calcium 
to  be  more  completely  utilized. 

Calcium  is  largely  excreted  through  the  bowel.  In 
the  studies  of  normal  children  an  average  of  13  per 
cent  of  the  mean  daily  outgo  was  eliminated  through 
the  kidneys  and  87  per  cent  by  way  of  the  bowel.  In 
terms  of  the  calcium  intake  the  mean  excretion  in  urine 
and  in  feces  amounted  to  10  and  70  per  cent,  resj^ec- 
tively,  with  a  retention  of  20  per  cent.  With  an  average 
daily  intake  of  0.92  Gm.  (46  milliequivalents)  of  cal¬ 
cium,  0.74  Gm.  (37  mEq.)  was  excreted  by  the  kidney 
and  bowel  and  only  0.18  Gm.  (9  mEq.)  was  retained. 

Neither  the  most  satisfactory  level  of  calcium  intake 
nor  the  optimal  retention  of  calcium  at  any  physiologic 
age  or  stage  of  man’s  development  is  known.  Sherman 
and  his  students  have  shown  that  the  calcium  content 
of  rat  bodies  at  various  ages  was  measurably  influenced 
by  the  level  of  intake.  To  what  extent  such  differences 
exist  among  human  subjects  remains  to  be  determined.^" 
Perhaps  the  high  vitamin  content  of  the  generous  mixed 
dietaries,  the  healthy  condition  of  the  children  and  well 
filled  body  stores  of  calcium  account  for  the  mean  dailv 


Mitchell,  H.  H.:  The  Calcium  Reouirempnt 
of  Adult  Man  and  the  Utilization  of  the  Calcium  in  Milk  and  in  Calcium 
Gluconate.  J.  Nutrition  17:  253-262  (March)  1939.  Kinsman  Sdys 
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calcium  retention  of  7.9  ±  6.8  mg.  per  kilogram  of  body 
weight  by  the  subjects,  in  contrast  to  the  10  and  12  mg. 
estimated  by  Sherman  -  Shohl  ^  and  others.^®  Perhaps 
the  average  run  of  children  who  grow  up  under  less 
favorable  conditions  would  need  to  store  10  to  12  mg. 
I>er  kilogram  daily  in  order  to  attain  optimal  physiologic 
well-being.  An  average  daily  retention  of  1  ing.  i)er 
kilogram  of  body  weight  for  adult  man  and  9  mg.  during 
pregnancy  are  representative  of  the  physiologic  per¬ 
formance  of  the  average  healthy  person. 

There  are  numerous  factors  influencing  the  amount 
of  calcium  that  the  body  may  retain,  for  example  physi¬ 
cal  and  emotional  activity,  either  directly  or  indirectly 
reflected  through  the  gastrointestinal  tract.  Indeed, 
emotional  disturbances  may  afifect  the  elimination  rate 
of  both  the  kidneys  and  the  bowels.^®  A  more  rapid 
laxation  rate  (bowel  movements  per  day)  may  stimulate 
a  greater  excretion  of  calcium  through  the  feces. 

Phosphorus. — Phosphorus  is  widely  distributed  in  the 
body,  combined  in  many  forms  in  soft  and  hard  tissues 
and  associated  with  protein,  carbohydrate,  fat,  various 
minerals  and  organic  substances.  Seventy  per  cent  of 
the  retained  phosphorus  combines  with  calcium,  while 
nitrogen  combines  with  the  remaining  30  per  cent. 
Phosphorus  is  essential  in  the  metabolism  of  fats  and 
carbohydrates,  and  participates  in  many  phases  of 
metabolism  and  in  the  regulation  of  the  proper  hydrogen 
ion  concentration  in  the  tissues,  the  secretions  and 
excretions  of  the  body.  The  form  in  which  phosphorus 
is  taken  may  have  an  important  bearing  on  its  nutri¬ 
tive  value  in  the  diet.^° 

The  average  daily  retention  of  phosphorus  is  increased 
from  99  mg.  in  infancy  to  264  mg.  by  the  twelfth  yeai 
(table  2).  In  contrast  to  the  70  per  cent  average  loss 
of  calcium  intake  through  the  alimentary  canal,  only 
31  per  cent  of  the  phosphorus  intake  was  lost  by  that 
route.  Fifty-five  per  cent  of  the  phosphorus  intake  was 
excreted  in  the  urine;  14  per  cent  was  retained.  The 
feces  contained  29  to  40  per  cent  of  the  phosphoi  us 


18.  Leitch,  I.:  The  Determination  of  the  Calcium  Requirements  of 

Man,  Nutrition  Abstr,  &  Rev.  6:  553-578  (Jan.)  1937. 

19.  Cannon,  W.  B. :  Bodily  Changes  in  Pain,  Hunger,  Fear  and  Rage, 
ed  2  New  York,  D.  Appleton-Century  Company,  19.50. 

20. ’ Sherman,  H.  C. :  Phosphorus  Reqmrement 

r  Them  41*  173-179  (Feb.)  1920.  Lowe,  J.  T.,  and  MeenoocK, 

liarry!'  Cereais  and  Ricked:  VII.  The 
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outgo,  and  the  remaining  60  to  70  per  cent  was  lost 
from  the  body  as  metabolites  in  the  urine.  In  the  nor¬ 
mal  children,  with  an  average  daily  phosphorus  intake  of 
1250  ±  294  mg.  (72.8  mEq.),  684  ±  152  mg.  (39.8 
niEq.)  was  excreted  in  the  urine  and  393  ±  112  mg. 
(22.9  mEq.)  in  the  feces;  173  ±  175  mg.  (10.1  mEq.) 
was  retained. 

Phosphorus  is  needed  in  relatively  large  quantities 
during  growth  because  it  is  used  so  universally  in  the 
construction  of  skeletal,  nervous  and  muscle  tissues. 
Assuming  that  a  relationship  exists  between  body  weight 
and  phosphorus  retention,  during  childhood  when  the 
average  daily  phosphorus  intake  amounted  to  55  mg. 
])er  kilogram  of  body  weight,  the  average  daily  reten¬ 
tion  was  7  to  8  mg.  During  periods  when  the  maternal 
body  was  being  prepared  to  take  care  of  the  increasing 
demands  of  pregnancy,  parturition  and  the  establishment 
of  lactation,  average  daily  intakes  of  36  mg.  of  phos¬ 
phorus  per  kilogram  of  body  weight  resulted  in  average 
retentions  of  4  mg.  Adult  man  consumed,  on  the  aver¬ 
age,  1 1  mg.  of  phosphorus  per  kilogram  of  body  weight 
daily,  of  which  2  mg.  was  retained. 

The  calcium  to  phosphorus  ratio  in  the  food  intake 
has  an  important  bearing  on  metabolism  of  both  these 
elements.-^  Phosphorus  fed  in  excessive  amounts  causes 
a  corresponding  excretion  of  calcium  in  the  feces ;  simi¬ 
larly,  an  increased  intake  of  calcium  leads  to  a  greater 
outgo  of  phosphorus.  On  a  unit  weight  basis,  with  a 
mean  daily  calcium :  phosphorus  ratio  of  1:1.4  in  the 
food  intake  during  childhood  the  mean  ratio  was  1  :  7.1 
in  the  urine,  1.6:  1  in  the  feces  and  1.0:  1  in  the  reten¬ 
tion.  Eor  the  data  compiled  from  the  literature  and 
presented  in  table  2,  the  mean  calcium :  phosphorus 
ratios  for  the  food  intakes  and  retentions  are  presented 
in  table  3.  Since  magnesium  may  replace  some  of  the 
talcium  lequired  in  metabolism,  the  calcium:  magnesium 
ratios  are  also  given. 

Not  only  is  it  essential  to  have  liberal  amounts  of 
calcium  and  phosphorus  in  the  diet,  but  these  must  be 
in  the  i)roper  relationship  to  one  another  and  be  accom¬ 
panied  with  a  generous  supply  of  vitamin  D  if  skeletal 
tissue  IS  to  be  constructed  and  maintained  in  a  satis- 
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lactory  manner.-"  An  inadequate  and  unbalanced  diet 
with  respect  to  calcium  and  phosphorus  may  result  in 
rickets  in  the  infant,  calcium-poor  skeletal  growth  and 
possibly  rickets  in  childhood,  and  osteoporosis  or  osteo¬ 
malacia  leading  to  fragility  of  bones  in  the  adult.  The 
severity  of  these  conditions  may  be  determined  chem¬ 
ically  by  studies  of  the  calcium  and  phosphorus  content 
of  the  blood  and  clinically  by  roentgenograms  of  the 
bones. 


Mellanby,-®  Schour  and  his  co-workers  and  Swan¬ 
son  in  teeth  and  Sontag  in  the  bones  of  infants  have 
shown  that  these  tissues  during  formation  are  extremely 
sensitive  to  variations  in  metabolic  processes,  the  altera¬ 
tions  in  internal  environment  of  the  body  being  recorded 
in  the  incremental  layers,  or  rings,  developing  at  the 
time.  Environmental  variations  due  to  disease,  to  cal¬ 
cium  and  to  vitamin  C  and  D  deficient  dietaries  affect 
the  layers  or  rings  formed  at  the  time  they  occur. 
Whether  dental  caries  is  related  to  mineral  metabolism 
remains  questionable.-^ 

In  general,  an  increase  in  calcium  intake  usually 
results  in  increased  retention,  but  by  a  decreased  per¬ 
centage  of  the  calcium  intake  retained.  The  calcium : 
phosphorus  ratio  of  the  retention  alters  with  age ;  young 
children  retain  more  calcium  in  relation  to  their  phos¬ 
phorus  retentions.  The  calcium :  phosphorus  ratio  in 
the  food  also  changes,  as  milk  is  supplemented  with 
other  foods  (table  3).  The  variations  in  the  composi¬ 
tion  of  foods  must  be  recognized,  since  the  interrela¬ 
tionships  among  the  quantities  of  minerals  may  be  as 
important  as,  or  more  important  than  the  actual  amounts 
of  the  single  elements. 


’2  leans  P  C.,  and  Stearns,  Genevieve:  The  Human  Requirement 
ofWitamin’D.'j.  A.  M.  A.  111  :  703-711  (Aug.  20)  1938 

23.  Mellanby,  May:  Diet  and  Teeth:  An  Experimental  Study,  Med  cal 

Research  Council,  Special  Report  Senes,  No.  191,  London,  His  Majesty  s 
Stationery  Office,  1934.  ,  ^  ,  ti  n  i 

24.  Massler,  M.;  Schour,  Isaac,  and  pPttIri  the 
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25  Swanson  J.  H.:  The  Relation  of  Growth  Velocity  to  the  Quality 
of  the  E^rmel  J.  Am.  Dent.  A.  18:  2174-2176  (Nov.)  1931;  Age  Inci¬ 
dence  of  Lines  of  Retzius  in  the  Enamel  of  Human  Permanent  Teeth, 
ibid.  18:819-826  (May)  1931. 

26.  Sontag,  L.  W. :  Evidences  of  Disturbed  Prenatal  and  Neonatal 
Growth  in  Bones  of  Infants  Aged  One  Month,  Am.  J.  Dis.  Child.  55. 
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'I'he  body  may  not  retain  exactly  what  it  needs  and 
reject  all  other  material,  for  it  has  great  ability,  known 
as  homeostasis,  to  rearrange  and  adjust  materials  which 
it  already  possesses  to  meet  current  needs.  An  out¬ 
standing  illustration  of  this  capacity  of  the  body  is  the 
mobilization  of  calcium  from  the  long  bones  in  the  heal¬ 
ing  of  rickets  and,  during  gestation,  to  meet  the  needs 
of  the  fetus.  It  is  obvious  that  some  of  the  calcium  and 
phosphorus  constituting  bone  must  be  regarded  as  a 
reserve  supply  of  calcium  and  phosphorus.^  Moreover, 
the  great  flux  of  minerals  in  the  blood,  lymph,  intracellu¬ 
lar  and  extracellular  fluids  and  the  various  secretions, 
such  as  saliva,  gastric  juice,  bile  and  intestinal  secretions. 

Table  3. — Calcium  to  Phosphorus  and  Calcuim  to 
Magnesium  Ratios  * 


Ca  :  P  Oa  :  Mg 

Intake  Retention  Intake  Retention 


Infancy .  1.3  1.4  7.4  17.2 

Children 

4  -  6  years .  0.7  1.1  2.9  3.9 

7  -  9  years .  0.8  0.9  3.5  3.2 

10  -12  years .  0.7  1.1  3.3  6.0 

.Adult  man .  0.6  0.5  3.2 

Pregnancy .  1.0  1.6  4.7  5.8 

Lactation .  1.1  ...  4.9 


*  Ba.sed  on  values  in  grams. 


are  in  efifect  mineral  reserves.  Under  conditions  of  ample 
intake  there  is  a  large  storage  of  calcium  during  the  last 
three  months  of  pregnancy,  but  when  the  diet  is  inade¬ 
quate  in  quantity  and  quality  the  demand  exceeds  the 
supply,  and  without  the  mobile  reserves  in  the  maternal 
bones  the  fetal  demands  could  not  be  met.^®  Indeed,  in 
many  cases  in  which  mothers  are  either  underfed  or 
misfed,  both  the  mother  and  the  fetus  suffer  severe 
consequences,  depending  on  the  extent  of  the  dietary 
inadequacy  and  the  degree  of  maternal  reserve's 
present.^® 


28.  Bauer  Walter;  Albright,  Fuller,  and  Aub,  J.  C.:  Studies  of  Cal 

cium  and  Phosphorus:  II.  The  Calcium  Excretion  of  Normal  IndividSls 
on  a  Low  Calcium  Diet,  Also  Data  on  a  Case  of  Pregnanev  T  rifn 
Investigation  7:  75-96  (April)  1929.  regnancy,  J.  Clin. 
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It  is  now  {generally  recognized  that,  although  the 
leces  do  contain  some  material  which  has  not  been 
absorbed,  they  also  contain  material  which  has  l)een 
absorbed  and  subsequently  excreted  into  the  alimentary 
tract.  Large  quantities  of  calcium  in  the  food  carry 
through  the  tract  a  large  portion  of  the  phosphorus 
which  is  ingested.  A  large  intake  of  calcium  may,  in 
addition,  cause  phosphorus  which  previously  has  been 
absorbed,  to  leave  the  body  by  way  of  the  feces  rather 
than  in  the  urine.  Excess  fat  apj^earing  in  the  feces  in 
the  form  of  soaps  may  likewise  rob  the  body  of  calcium 
and  other  bases.  It  has  been  shown  that  under  some 
conditions  more  calcium  may  he  present  in  the  feces 
than  was  ingested  as  food,  which  proves  that  some 
calcium  must  have  been  excreted  into  the  intestine. 
Under  long  periods  of  inadequate  calcium  consumption 
the  homeostatic  capacity  of  the  body  is  brought  into 
jilay,  and  the  body  develops  a  characteristic  ability  for 
conservation  of  this  element  in  its  attempt  to  maintain 
physiologic  functions  compatible  with  life.^“  It  is  not 
possible  at  the  present  time  to  decide  whether  changes 
in  metabolism  of  certain  minerals  such  as  calcium  and 
phosphorus,  which  result  in  a  greater  or  smaller  amount 
being  present  in  the  serum  or  deposited  in  the  tissues, 
depend  on  more  effective  absorption,  increased  excretion 
or  improved  deposition  in  the  tissues. 

Magnesium. — In  certain  instances  magnesium  ai>par- 
ently  has  the  ability  to  replace  some  calcium.  About 
three  fourths  of  the  magnesium  in  the  body  is  associated 
with  calcium  in  skeletal  formation,  and  the  remainder  is 
present  in  the  soft  tissue  and  body  fluids.  Knowledge 
of  its  specific  function  in  human  nutrition  is  meager. 
Perhaps  one  of  its  most  important  functions  in  the  body 
is  serving  in  combination  with  organic  radicals  to  form 
organometallic  com]iounds  which  seive  as  catal}  sts 
in  ])hysiologic  activities.  Certainly  the  actual  retention 
of  magnesium  by  the  body  at  any  age  is  veiy  small 

,  1111 

Like  calcium,  magnesium  is  excreted  largely  by  way 
of  the  intestine.  With  children,  of  an  average  daily 
magnesium  excretion  of  250  mg.  only  35  pei  cent 


30  Nicholl-s,  Lucius,  and  Nimalasuriya,  Ananda:  Adaptation  to  a  Low 

Calcium  Intake  in  Keferc.ce  to  the  Calcium  Requ.rements  of  a  Trop.ca) 
I’opulation,  T.  Nutrition  18  :  563-577  (Dec.)  1939. 
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appeared  in  the  urine  and  65  per  cent  in  the  feces.  Some 
of  the  erratic  results  obtained  in  metahohc  studies  ma> 
lie  due  in  part  to  unsatisfactory  chemical  procedurp  no 
eenerallv  recognized,  for  iron  and  other  minera  s  aie 
known  to  interfere  with  the  accurate  determination  of 
magnesium  in  biologic  materials.  Using  technics  assur¬ 
ing  accuracy  of  determination,  the  mean  daily  intake  ot 
mkgnesium 'during  childhood  amounted  to  297  ±  4-  mg 
(24.4  inEq.),  of  which  88  ±  18  mg.  (7.2  mEq.)  and 
162  ±  39  mg.  (13.3  mEq.)  were  e.xcreted  in  the  urine 
and  feces,  respectively,  and  47  ±  47  mg.  (  3.9  mEq. )  wa.s 
retained.  An  average  of  16  per  cent  of  the  intake  ot 
magnesium  was  retained.  Assuming  a  relationship  of 
magnesium  retention  to  body  mass,  vvdth  an  a\eiage 
intake  of  13  mg.  per  kilogram  of  body  weight  in  chil¬ 
dren.  an  average  daily  retention  of  2  mg.  per  kilogram 
occurred.  In  pregnancy  an  average  of  only  1.3  mg.  of 
magnesium  per  unit  weight  was  retained,  while  theie 
was  practically  an  equililirium  in  adult  man. 

Magnesium,  calcium  and  phosphorus  balances  repre¬ 
sent  true  values,  since  authoritative  evidence  indicates 
that  no  appreciable  amounts  of  these  substances  are 
excreted  through  the  skin. 

Suljur. — A  nutritionally  essential  element,  sulfur  has 
a  far  reaching  significance  in  the  body.  It  is  a  com¬ 
ponent  of  glutathione,  insulin,  thiamine  and  the  organic 
matrix  of  the  hone.  Sulfur  and  nitrogen  metabolism 
are  closely  related  in  protein  metabolism.  Only  two 
naturally  occurring  sulfur  containing  amino  acids  (cys¬ 
tine  and  methionine)  are  known,  and  they  account  for 
a  large  portion  of  the  sulfur  consumed  and  utilized  in 
the  processes  of  metabolism.  In  previous  studies  of 
sulfur  metabolism  more  emphasis  has  been  placed  on 
the  sulfur  partition  in  urine  than  on  the  balance  between 
intake  and  outgo,  especially  in  investigations  with 
children. 


In  the  studies  reported  for  childhood  the  mean  daily 
sulfur  intake  was  750  ±  130  mg. ;  of  this  amount  79  peV 
cent  ( 593  ±  104  mg.)  was  lo.st  in  the  urine,  12  per  cent 
(89  ±  26  mg.)  in  the  feces,  and  9  per  cent  (68  ±  90 
mg.)  was  retained.  Wide  variations  in  the  metabo¬ 
lism  of  sulfur  are  evidenced  by  the  large  standard  devia- 
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tion  ior  the  retention.  These  may  be  attributable  to  the 
fact  that  sulfur  exists  in  several  forms  in  the  body,  and 
the  retention  value  includes  any  cutaneous  loss  of  sulfur, 
which  has  been  shown  to  be  60  to  106  mg.  of  sulfate 
sulfur  daily  in  adult  man.®® 

i  he  average  daily  sulfur  retention  is  increased  with 
age  from  8  mg.  in  infancy  to  144  mg.  for  the  10  to 
12  year  group.  In  pregnancy  there  is  an  average  storage 
of  205  mg.  of  sulfur  daily,  but  a  loss  may  occur  ]X)st 
partum  (table  2).  If,  in  man,  one  deducts  the  possible 
loss  of  sulfur  through  the  skin,  there  is  still  a  consider¬ 
able  storage  of  sulfur.  In  the  men  who  provided  the 
data  considered  in  this  review,  nutritional  status 
improved  during  the  investigation ;  ®  therefore  it  is  possi¬ 
ble  that  considerable  sulfur  was  used  in  repair  of  old 
and  building  up  of  new  tissue.  It  is  possible  also  that 
there  was  a  greater  cutaneous  loss  of  sulfur,  since  the 
experimental  subjects  were  quite  active  during  the 
investigation. 

Assuming  a  relationship  between  body  weight  and 
sulfur  retention,  with  an  average  daily  intake  of  34.2  mg. 
of  sulfur  per  kilogram  of  body  weight  at  the  4  to  6  year 
level  in  childhood,  there  was  a  storage  of  2.8  mg. ;  at 
the  10  to  12  year  level,  the  sulfur  intake  amounted  to 
28.8  mg.  and  the  retention  4.1  mg.  per  kilogram  of  body 
weight  daily.  On  a  unit  weight  basis,  adult  man 
retained  an  average  of  only  1  mg.  of  sulfur  per  kilogram 
of  body  weight  and  during  the  last  half  of  pregnancy 
the  average  daily  sulfur  intake  approximated  20  mg. 
and  the  average  retention  5  mg.  per  kilogram  of  body 
weight  daily.  Recognizing  the  possiljle  cutaneous  losses, 
these  results  are  in  keeping  with  our  present  knowledge 
of  physiologic  changes  that  take  place :  in  normal  preg¬ 
nancy  there  is  building  of  new  tissue  in  the  maternal 
body,  in  the  enlargement  of  the  uterus,  in  the  mammary 
glands  and  in  the  body  generally  to  take  care  of  the 
augmented  needs  during  labor  and  the  losses  during 
parturition  and  during  the  early  days  post  partum;  in 
lactation  there  is  the  physiologic  readjustment  of  the 
body  in  the  establishment  of  lactation,  accompanied  by 
the  losses  occurring  with  the  involution  of  the  uterus 
and  other  body  organs  and  reserves. 

33.  Freyberg,  R.  11.,  and  Grant,  R.  L.:  Loss  of  Minerals  Through 
the  Skin  of  Normal  Humans  When  Sweating  is  Avoided,  J.  Clin.  Inves¬ 
tigation  16:729-731  (Sept.)  1937. 
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Potassium— ]iy  virtue  of  its  activity  in  relation  to 
cellular  water,  potassium  is  associated  with  nitrogen 
metabolism.  When  new  protoplasmic  tissue  is  being 
formed,  potassium  is  retained  in  sufficient  quantities  to 
meet  the  intracellular  fluid  needs  of  the  newly  formed 
cells.  This  alkaline  mineral  is  held  within  the  cells, 
although  what  activates  and  regulates  its  entrance  into 
and  its  egress  from  the  cells  is  not  completely  under¬ 
stood.^  Irritability  of  the  nervous  system  is  dependent 
in  large  measure  on  the  balance  between  calcium,  potas¬ 
sium  and  sodium  ions  present  in  the  tissues  and  the 
body  fluids.  A  decided  decrease  in  calcium  increases 
irritability,  and  an  increase  in  potassium  will  cause 
a  similar  effect.  The  proper  mixture  or  balance  among 
the  salt  solutions  of  the  body  is  of  fundamental  impor¬ 
tance  for  the  maintf^nance  of  the  integrity  of  function  of 
cells  and  organs.  The  mobility  and  activity  of  the  ions 
as  they  participate  in  the  physiologic  activity  of  main¬ 
taining  electroneutrality  and  the  distribution  of  minerals 
in  bodily  function  are  covered  by  another  author. 

There  is  an  increased  storage  of  potassium  as  growth 
proceeds.  With  average  intakes  of  1,016  and  2,776  mg. 
of  potassium  in  infancy  and  childhood  there  were  mean 
daily  retentions  of  115  and  209  mg.,  respectively 
(table  2),  Both  pregnancy  and  lactation  are  accom- 
panied  by  large  potassium  retention,  averaging  639  and 
526  mg.  daily,  respectively.  Adult  man  stores  only  a 
small  quantity,  188  mg.  daily.  On  a  unit  weight  basis 
the  retentions  of  potassium  for  adult  man  and  for 
women  in  pregnancy  amount  to  1  and  9  mg.  per  kilo¬ 
gram  of  body  weight  a  day,  respectively. 

An  average  of  79  per  cent  of  the  intake  of  potassium 
was  excreted  by  the  kidneys,  13  per  cent  was  excreted 
by  the  bowel  and  less  than  8  per  cent  was  retained  in 
childhood.  Of  the  mean  daily  intake  of  2,776  ±:  437  mg. 
(71.0  mEq.),  2,191  ±  405  mg.  (56.0  niEq.)  appeared 
in  the  urine,  376  ±  136  mg.  (9.7  mEq.)  appeared  in  the 
feces  and  209  ±  268  mg.  (5.3  mEq.)  was  retained.  The 
large  standard  deviations  accompanying  these  values 
illustrate  wide  differences  in  physiologic  performance 
among  individuals.  The  retention,  which  includes  the 
cutaneous  potassium  loss,  which  may  reach  as  much  as 
30  to  38  per  cent,  also  evidences  the  approximate  nature 
of  these  balances.  If,  however,  30  per  cent  of  the 
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retention  value  was  lost  through  the  skin,  approximately 
14C  mg.  of  potassium  was  retained  hy  the  children  daily 
to  meet  body  needs  for  growth  and  function. 

Sodium. — Although  some  serves  as  a  part  of  the 
structure  of  the  cartilage  and  muscle  cells,  sodium  is 
associated  with  the  blood  plasma  and  the  extracellular 
fluids.  It  functions  largely  with  chloride  and  hicar- 
honate  in  control  of  the  osmotic  pressure  and  ionic 
equilibrium  or  electroneutrality  of  the  body  fluids  and 
tissues.  Considerably  more  sodium  than  |X)tassium  is 
needed  in  the  body.  The  average  daily  retentions  of 
sodium  as  determined  for  infancy,  childhood  and  adult 
man  amounted  to  69,  246  and  1,382  mg.  daily,  respec¬ 
tively.  Of  the  total  sodium  excretion,  98  per  cent  may 
l)e  eliminated  in  the  urine  and  2  per  cent  in  the  feces. 
This  is  to  be  expected,  since  sodium  is  the  most  pre¬ 
dominant  positive  mineral  element  in  the  extracellular 
fluids,  circulates  throughout  the  entire  body  and  serves 
generally  in  the  metaholic  processes  of  the  body  in  con¬ 
nection  with  the  maintenance  of  electroneutrality. 

The  actual  requirements  of  sodium  and  ix)tassium  are 
comparatively  small,  but  the  ratio  between  these  two 
elements  in  the  diet  is  considered  of  great  practical 
importance.  The  high  proportion  of  potassium  to 
sodium  in  most  common  foods  introduces  two  possible 
dangers,  which  may  be  evidenced  metabolically  by  pre¬ 
venting  full  utilization  of  the  sodium  or  by  causing 
insufficient  assimilation  and  utilization  of  other  elements, 
especially  calcium  and  phosphorus.  Therefore,  to  com- 
i:>ensate  for  the  excess  of  potassium  over  sodium  in 
foods  and  to  enhance  palatability,  table  salt  is  added  to 
many  foods  incorporated  in  the  daily  diet.  The  body 
has  a  unique  ability  to  conserve  sodium  in  times  of 
shortage  and  to  absorb  and  distiibute  sodium  rapidl) 
when  it  is  introduced  into  the  body. 

The  mean  daily  intake  of  sodium  by  29  children 
averaged  2,310  ±  368  mg.  (100.5  niEq.),  of  which 
787  mg.  was  given  in  chemically  pure  sodium  chloride. 
The  average  ^daily  excretion  of  sodium  in  the  urine 
amounted  to  2,022  +  377  mg.  (88.0  mEq.),  while  a 
small  hut  significant  quantity  (42  =+:  39  mg.,  or  1.^ 
mEq.)  was  eliminated  through  the  alimentary  canal,  and 
246  +  280  mg.  (10.7  meq.)  was  retained.  Assuming 
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that  12  per  cent  of  the  retained  sodium  was  dissipated 
through  the  skin,^"  the  true  mean  daily  retention  of  the 
children  was  216  mg. 

Chlorine. — A  component  of  all  body  secretions  and 
excretions,  chlorine  is  stored  only  to  a  limited  extent, 
in  the  skin  and  subcutaneous  tissue  and  in  the  skeleton. 
The  chlorides  of  the  blood,  particularly  sodium  chloride, 
compose  about  two  thirds  of  the  blood  anions.  They 
play  an  essential  role  in  maintaining  electroneutrality 
within  the  body  and  serve  in  large  measure  to  maintain 
the  osmotic  pressure  of  the  extracellular  fluids.  Gastric 
secretion  contains  chlorine  in  free  hydrochloric  acid  and 
combined  in  salts.  Chlorine,  like  sodium  and  potassium, 
is  lost  through  the  skin  to  the  extent  of  about  one  fifth 
of  that  retained ;  hence  the  retentions  in  the  metabolic 
balances  presented  in  table  2  are  exaggerated  by  that 
amount. 

The  average  daily  retentions  of  chlorine  for  infants, 
children  and  man  amount  to  approximately  108,  277 
and  1,063  mg.,  respectively.  Ninety-one  i)er  cent  of 
the  chlorine  intake  is  eliminated  through  the  urinary 
tract  and  only  1  per  cent  through  the  bowel.  In  chil¬ 
dren  whose  sodium  chloride  intake  was  controlled,  the 
mean  daily  chlorine  intake  was  3,596  ±  460  mg.  (101.4 
niEq.),  of  which  3,265  ±  467  mg.  (92.1  niEcp)  was 
excreted  in  the  urine,  54  ±  33  mg.  (1.5  mEq.)  was 
excreted  in  the  feces  and  277  ±  24 1  mg.  (7.8  mEq.) 
was  retained.  Assuming  that  one  fifth  of  the  retention 
value  represents  cutaneous  losses,  the  true  retention 
value  would  be  222  mg.  of  chlorine  per  day. 

Human  dietaries  usually  contain  considerable  (pianti- 
ties  of  scxlium,  potassium  and  chlorine  and  it  is  only 
during  diarrhea,  excess  sweating  and  certain  endocrine 
disturbances  and  metabolic  conditions  that  an  additional 
intake  of  these  elements  is  required.  Under  ordinary 
conditions  the  body  can  adapt  itself  to  shortages  of 
these  elements,^'*  and  it  is  generally  assumed  that  a 
diet  which  is  adequate  in  all  other  respects  will  contain 
amounts  sufficient  to  meet  the  nutritive  demands.  It  is 
recognized,  however,  that  the  adjustment  of  the  body 
to  a  change  in  level  of  intake  of  sodium,  and  of  potas¬ 
sium  in  particular,  requires  longer  than  the  conventional 
week  or  ten  days,  and  that  excessive  proportions  of 
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potassium  m  diets  may  prevent  full  utilization  of  sodium 
by  the  organism  and  may  cause  insufficient  utilization 
of  calcium  and  phosphorus. 

Minerals  are  lost  from  the  body  during  acidosis.  The 
growing  child  is  particularly  prone  to  acidosis,  especially 
when  consuming  high  fat  diets.  In  a  controlled 
metabolic  balance  study  which  included  the  determi¬ 
nation  of  the  seven  positive  and  negative  minerals  and 
nitrogen  Sawyer,  Baumann  and  Stevenses  observed 
2  children  aged  5  and  8  years  during  the  consumption 
of  a  normal  diet  and  subsequently  when  the  lactose 
and  sugar  of  the  normal  period  were  replaced  by  an 
isodynamic  quantity  of  pure  butter  fat,  the  mineral, 
nitrogen  and  calory  intakes  remaining  the  same  during 
the  two  observation  periods.  The  high  fat  diet  caused 
increased  acid  production  in  the  body,  which  resulted  in 
increased  elimination  of  nitrogen,  sulfur,  calcium,  mag¬ 
nesium,  phosphorus,  sodium,  potassium  and  chlorine. 
It  is  assumed  that  the  nitrogen  and  sulfur  were  derived 
from  catabolized  muscle;  calcium,  phosphorus  and  mag¬ 
nesium  were  of  skeletal  origin,  and  sodium,  chlorine  and 
potassium  were  obtained  from  body  fluids.  The  losses, 
particularly  calcium  and  phosphorus,  varied  directly 
with  the  severity  of  acidosis. 


POSITIVE  AND  NEGATIVE  MINERAL  BALANCES 


The  electropositive  minerals  (calcium,  magnesium, 
sodium  and  potassium)  and  electronegative  minerals 
(phosphorus,  sulfur  and  chlorine)  serve  singly  and  in 
combination  imthe  physiologic  structure  and  function  of 
the  body.  As  food  burns  in  the  body,  the  organic 
anions,  citrates,  acetates  and  so  on  are  completely 
oxidized,  all  of  the  positive  mineral  elements  and  the 
negative  element  chlorine  are  released,  and  the  negative 
minerals  sulfur  and  phosphorus  are  generally  assumed 
to  be  completely  oxidized  to  phosphates  and  sulfates. 
However,  the  anion  values  of  sulfur  and  phosphorus 
retained  in  the  body  may  have  several  valences,  since 
they  enter  into  combination  with  other  elements  to 
form  many  different  compounds.  In  calculating,  the 
average  valence  of  1 .8  has  been  assigned  to  phosphorus 
and  a  valence  of  2  to  sulfur.®® 


35.  Sawyer,  Margaret;  Baumann,  L.,  and  Stevens,  F.:  Studies  of 

Acid  Production:  II.  The  Mineral  Loss  During  Acidosis,  J.  Biol.  Lhem 
33:103-109  (Jan.)  1918. 
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Durinjj;  growlli  and  body  repair  there  is  an  accumu¬ 
lation  of  both  positive  and  negative  minerals  m  the 
tissues,  the  total  amount  depending  on  the  intensity 
of  the  physiologic  processes.  The  relationship  between 
the  gross  amounts  of  positive  and  negative  minerals 
retained  is  determined  by  the  relative  demands  for 
materials  with  which  to  construct  hard  and  soft  tissue 
and  by  the  cutaneous  losses  of  potassium,  sodium. 

Table  4— Metabolic  Mineral  Balances*  (Milliequiva- 

Icnts  per  Day) 


Total  Total  Excess 

Positive  Negative  Total  Positive 

Minerals  Minerals  Minerals  Minerals 

, - - , - * - \  t - * - \  / - * - 

Beten-  Reten-  Reten-  Reten- 

Intake  tion  Intake  tion  Intake  tion  Intake  tion 


Infancy . 

....  84 

13 

02 

9 

146 

22 

22 

4 

Children 

4  -  6  yrs.. . 

....  225 

26 

204 

20 

429 

46 

21 

6 

7  -  9  yrs.. . 

....  269 

32 

245 

24 

514 

56 

24 

8 

11  -12  yrs.. . 

....  3C3 

45 

282 

35 

585 

80 

21 

10 

Adult  man... 

....  297 

72 

287 

58 

584 

130 

10 

14 

Pregnancy... 

....  452 

73 

353 

41 

805 

114 

99 

32 

Lactation  t.. 

....  485 

Average 

24 

Daily 

387  —3 

per  Kilogram  of 

872 

Body 

21 

Weight 

98 

27 

Children 

4  -  6  yrs.. . 

_  11.2 

1.3 

10.2 

1.0 

21.4 

2.3 

1.0 

0.3 

7  -  9  yrs.. 

.  10.1 

1.2 

9.2 

0.9 

19.3 

2.1 

0.9 

0.3 

11  -12  yrs.. 

.  8.6 

1.3 

8,0 

1.0 

16.6 

2.3 

0.6 

0.3 

Adult  man.. 

.  2.1 

0.5 

2.0 

0.4 

4,1 

0.9 

0.1 

0.1 

Pregnancy.. 

.  7.2 

1.0 

5.8 

0.6 

13.0 

1.6 

1.4 

0.4 

Lactation  t. 

.  8.3 

0.5 

6  7 

-0.02 

15.0 

0.5 

1  6 

0.5 

*  A  valence  of  1.8  has  been  used  for  phosphorus  and  2  for  sulfur, 
although  it  is  recognized  that  these  are  only  approximations.  No 
deductions  have  been  made  for  cutaneous  losses. 

t  Retentions  were  calculated  as  intake  minus  outgo  in  urine  feces 
and  breast  milk.  ’ 

chloride  and  sulfur.  Table  4  presents  the  average 
intakes  and  retentions  of  the  total  positive  minerals, 
total  negative  minerals,  total  positive  plus  negative 
minerals  and  excess  of  positive  minerals  for  infancy, 
childhood,  adult  man,  pregnancy  and  lactation. 

^  Skeletal  tissue  synthesis  creates  a  demand  for  posi¬ 
tive  minerals;  soft  tissue  construction  requires  a  pre¬ 
ponderance  of  negative  minerals;  therefore  increased 
retentions  of  positive  minerals  in  relation  to  negative 
minerals  indicates  an  impetus  to  skeletal  construction. 
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and  the  reverse  shows  an  emphasis  on  soft  tissue  forma¬ 
tion.  1  he  retention  of  |X)sitive,  ne^^ative  and  total  min¬ 
erals  is  increased  from  infancy  through  childhood  to 
adulthood,  hut  the  average  daily  retentions  per  kilo¬ 
gram  of  body  weight  decrease.  While  pregnancy  demon¬ 
strates  augmented  metabolic  demands  for  all  minerals, 
metabolic  balances  concurrent  with  early  lactation  may 
demonstrate  a  loss  of  negative  minerals  commensurate 
with  the  tissue  involution  taking  place  in  the  uterus  and 
other  maternal  organs  and  the  peculiar  physiologic 
demands  of  lactation.  When  considered  on  a  unit 
weight  basis,  growth  and  pregnancy  are  accompanied 
by  a  retention  of  total  minerals  and  excess  positive 
minerals,  but  during  lactation  these  occur  to  a  lesser 
extent  than  in  adult  man.  A  retention  of  total  minerals 
is  one  of  the  be.st  criteria  that  growth,  repair  or  repletion 
are  taking  place. 

The  positive  and  negative  minerals  constitute  approxi¬ 
mately  25  ])er  cent  of  the  total  urinary  solids  of 
children.  Although  the  diet  may  be  constant  in  quan¬ 
tity  and  quality,  the  amounts  of  positive  and  negative 
minerals  excreted  from  day  to  day  depend  on  cur¬ 
rent  metabolic  demands  for  growth  or  maintenance.  An 
average  of  156  mEq.  of  mineral  cations  and  169  mEq. 
of  mineral  anions  were  excreted  in  urine  by  normal 
children.  These,  together  with  the  non-mineral  cation 
NHE,  the  titrable  acidity  and  the  organic  acids, 
determine  the  acidity  or  alkalinity  of  the  urine.  In  the 
feces  of  the  children,  the  jxjsitive  and  negative  minerals 
together  comjxDsed  approximately  10  per  cent  of  the  total 
fecal  solids.  An  average  of  about  7  per  cent  of  the  total 
weight  of  the  fecal  solids  consisted  of  ix)sitive  minerals. 
Calcium,  magnesium,  ])otassium  and  ])hosphorus  com- 
])()se  the  greater  part  of  the  minerals  eliminated  in  the 
feces,  hut  relativelv  small  amounts  of  sodium,  sulfur 
and  chlorine  are  ]:)resent. 

The  electro|X)sitive  minerals  ( calcium,  magnesium, 
sodium  and  jxDtassium)  are  esj^ecially  important  in 
skeletal  formation,  particularly  calcium  and  magnesium, 
in  nervous  and  muscular  activity  and  blood  coagulation. 
.Sodium  and  ]X)tassium  participate  in  the  control  of  body 
water  as  well  as  in  other  structural  and  functional  activi¬ 
ties.  In  childhood  the  average  daily  ixDsitive  mineral 
content  of  the  diets  was  242  zh  40  iTfEq.,  of  which 
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29  ±  22  niEq.  was  retained.  'I'he  avera^^c  daily  posi¬ 
tive  mineral  content  of  the  feces  was  57  ±:  14  mEq., 
56  per  cent  of  which  was  calcium.  The  average  daily 
consumption  of  positive  minerals  j^er  kilogram  of  body 
weight  was  10.7  ±  1.6  mEq.  On  the  same  basis  6.9  ± 
1.0  mEq.  was  excreted  in  the  urine,  2.5  ±;  0.7  mEq. 
was  eliminated  in  the  feces  and  1.3  ±0.9  mEq.  was 
retained. 

The  average  daily  intake  of  electronegative  minerals 
(phosphorus,  sulfur  and  chlorine)  in  childhood  was 
221  ±  37  mEq.,  of  which  the  kidneys  excreted  169  ±  26 
mEq.  and  the  intestine  30  ±  8  mEq.,  while  22  ±  20 
mEq.  was  retained.  Approximately  85  per  cent  and 
15  ])er  cent  of  the  excretion  of  the  negative  minerals 
take  place  in  the  urine  and  feces,  respectively,  in  com¬ 
parison  to  73  per  cent  and  27  per  cent,  respectively, 
for  the  excretion  of  positive  minerals.  On  the  basis  of 
body  weight  an  average  of  9.8  ±1.4  mEq.  of  total 
negative  minerals  was  consumed  and  only  1.0  ±  0.8 
mEq.  was  retained  per  kilogram  daily. 

EXCESS  MINERALS 

W  hen  the  quantity  of  positive  minerals  exceeds  the 
quantity  of  negative  minerals  or  the  negative  exceeds 
the  positive,  the  excess  for  the  food  intake  is  designated 
by  the  terms  alkaline-ash  and  acid-ash  value,  respec¬ 
tively;  for  the  urine  and  feces  the  values  are  given  as 
the  excess  of  positive  or  negative  minerals.  The 
alkaline-ash  values  of  the  diets  and  the  excess  positive 
minerals  retained  by  infants,  children,  man  and  preg¬ 
nant  and  lactating  women  are  shown  in  table  4,  daily 
and  daily  per  kilogram  of  body  weight.  All  diets  had  an 
alkaline-ash  value,  though  that  of  adult  man  was  lowest 
(10  mEq.).  The  value  for  the  diets  of  infants  and 
children  ranged  between  21  and  24  mEq.,  and  in  preg¬ 
nancy  and  lactation  the  amounts  were  99  and  98  mEcp 
daily.  A  retention  of  cations  in  excess  of  anions 
occuried  at  all  ages;  on  a  unit  weight  basis  there  was 
an  average  daily  retention  per  kilogram  of  0.3  mEq.  for 
childhood,  0.1  mEq.  for  man,  0.4  mEq.  for  pregnancy 
and  0.5  mEq.  for  lactation. 

Retentions  of  both  positive  and  negative  minerals 
are  essential  to  growth.  Normally  the  body  requires 
a  very  slight  excess  of  total  positive  over  total  negative 
minerals,  but  greater  excess  positive  mineral  retentions 
indicate  an  emphasis  on  skeletal  growth  or  an  augmen- 
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tatioii  of  mineral  storage  in  i)ony  tissue.  Retention  from 
the  dietary  of  an  excess  of  negative  minerals  indicates 
that  formation  of  muscular,  glandular  and  neural  tissues 
is  proceeding  at  the  faster  rate. 

The  amount  stored  of  any  one  or  all  of  these  inorganic 
elements  is  influenced  by  the  composition  of  the  food 
and  the  current  nutritive  needs  of  the  individual.  The 
amount  of  each  element  ingested,  the  proportion  of  one 
element  to  another,  the  fat  and  other  components  of  the 
diet — all  are  determining  factors  in  metabolism  and  utili¬ 
zation  of  the  positive  and  negative  minerals.  Indeed, 
the  proportions  of  individual  members  of  the  jxtsitive 
and  negative  mineral  groups  in  the  diet  may  have  more 
importance  in  general  metabolism  during  growth  than 
the  total  or  excess  quantities  of  the  two  groups  of 
elements.®^ 


Some  foods  or  conditions  may  cause  a  change  in  the 
path  of  excretion  from  urine  to  the  feces ;  that  is,  an 
increased  output  of  calcium  in  the  feces  may  be  com¬ 
pensated  by  a  decrease  in  output  of  calcium  in  the  urine. 
The  mineral  elements  which  seem  to  be  most  susceptible 
to  exchange  between  the  urine  and  feces  are  calcium, 
phosphorus,  sodium,  jx)tassium  and  chlorine.  Cutaneous 
losses  of  potassium,  sodium,  chlorine  and  sulfur  may 
cause  a  significant  cumulative  error  in  the  retention 
values.  With  proper  recognition  of  these  possible 
inherent  errors,  metabolic  balance  data  including  the 
quantitative  chemical  determination  of  the  jxtsitive  (cal¬ 
cium,  magnesium,  sodium,  potassium)  and  negative 
minerals  (phosphorus,  sulfur,  chlorine)  in  the  food  over 
a  given  period  of  time,  and  the  quantitative  outgo  of 
these  constituents  in  the  feces  and  urine,  give  valuable 
information  concerning  the  physiologic  activity  in  the 
body.  The  calculation  of  the  diflference  between  intake 
and  outgo  in  the  urine  and  feces,  although  in  some 
cases  it  may  be  of  an  approximate  nature,  givp  signifi¬ 
cant  information  on  the  metabolism  of  the  individual 
elements  and  groups  of  minerals  during  the  various 
stages  of  growth  and  physiologic  function  and  render 
valuable  service  in  the  diagnosis  and  treatment  of  cer¬ 


tain  types  of  diseases. 
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CHAPTER  VH 


IRON  IN  NUTRITION 

REQUIREMENTS  FOR  IRON 
CLARK  W.  HEATH,  M.D. 

EOSTON 


In  spite  of  evidence  to  the  contrary,  the  idea  is  still 
current  that  when  the  diet  is  deficient  in  iron  the  red 
cells  soon  become  deficient  in  hemoglobin  (hypochro¬ 
mic)  and  smaller  (microcytic)  than  normal.  This  idea 
is  certainly  not  true  for  the  healthy  adult  male  or  for 
healthy  women  after  the  menopause.  It  may  some¬ 
times  be  true  for  growing  children  and  for  women 
during  their  menstrual  life  or  during  pregnancy, 
or  for  any  person  who  has  lost  or  is  losing  con¬ 
siderable  amounts  of  blood  from  some  lesion  of  the 
body.  Much  remains  to  be  learned  about  the  metabo¬ 
lism  and  functions  of  iron,  but  there  is  strong  evidence 
that  a  diet  deficient  in  iron  will  not  produce  iron  defi¬ 
ciency  except  in  the  presence  of  increased  needs  for 
iron  such  as  growth,  pregnancy  or  lilood  loss. 

One  basic  fact  is  essential  in  any  adequate  considera¬ 
tion  of  iron  deficiency:  iron  is  an  element  and.  unlike 
certain  organic  substances  of  the  food  which  are  neces¬ 
sary  to  the  body,  such  as  the  vitamins,  it  is  not  destroyed 
or  used  up  in  the  body  but  is  conserved  and,  if  "not 
excreted,  can  be  utilized  again  and  again.  Another 
important  fact  concerning  iron  is  that  it  is  not  excreted 
by  either  kidney  or  intestinal  tract  in  appreciable  quanti¬ 
ties.  It  has  been  called  a  “one  way  substance;”  that  is. 
it  may  be  absorbed,  or  if  not  absorbed  it  will  be 
eliminated  in  the  stools,  but,  in  any  ordinary  sense  it  is 
not  excreted.  The  iron  content  of  the  normal  human 
urine  is  very  small.  Lintzel  ^  regarded  it  as  negligible, 
less  than  0.02  mg.  per  liter.  Marlow  and  Taylor  ^ 
found  values  for  urinary  iron  ranging  from  0.03  to 
0.8  mg.  in  twenty-four  hours.  Lanyar,  Lieb  and  Ver- 


1.  Lintzel,  W. :  Neuere  Ergebnisse  der  Erforschune  des  Fisenstoft' 
wechsels,  Ergebn.  d.  Physiol.  31:  844,  1931  ‘>'-"ung  aes  tisenstott- 
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(lino '*■  found  less  than  0.01  ing.  of  iron  per  liter  of 
urine.  1  he  iron  of  the  urine  is  not  increased  signifi¬ 
cantly  even  after  destruction  of  the  red  blood  cells 
hy  phenylhydrazine.*  It  may  be  increased  immediately 
after  the  administration  of  inorganic  compounds  paren- 
terally.^  Hahn  and  his  associates,®  in  a  study  of  dogs 
w'hich  were  given  radioactive  iron  as  ferrous  gluconate 
by  vein,  found  an  extra  output  of  iron  in  the  urine  and 
feces  for  a  few  days  after  its  injection  (2  to  8  per  cent 
of  the  total  amount  injected).  Following  this  the  uri¬ 
nary  iron  dropped  to  traces,  but  the  stools  contained 
from  0.05  to  0.4  mg.  of  radioactive  iron  daily.  The 
bile  contained  insignificant  amounts  of  iron,  which 
confirms  the  findings  of  others.  The  authors  consid¬ 
ered  the  evidence  conclusive  that  the  dog  excretes  iron 
only  with  difficulty  and  in  small  amounts.  Maddock 
and  Heath  ®  decided  from  microscopic  study  of  the 
gastrointestinal  tract  and  of  colonic  exj^lants  pn  the 
alidominal  walls  of  dogs  before  and  after  the  administra¬ 
tion  of  iron  that  this  metal  cannot  he  observed  to  be 
excreted  by  these  organs.  McCance  and  Widdowson 
concluded  that  the  i)ower  of  the  intestine  to  excrete 
iron  has  been  greatly  exaggerated. 

Studies  of  the  balance  between  the  iron  ingested  and 
the  iron  contained  in  the  urine  and  feces  indicate  no 
excess  of  the  latter  over  the  former  (negative  balance) 
and  indeed  there  is  a  necessary  positive  balance  in  the 
case  of  children  and  pregnant  women.  This  is  illus¬ 
trated  in  the  summary  shown  in  table  1.  An  exception 
is  the  case  of  the  two  fasters  Cetti  and  Breithaupt. 
Here,  however,  the  experimental  periods  were  short, 
the  methods  probably  faulty,  and  the  conditions  of  fast- 
ino-  are  in  no  way  comparable  to  ordinary  nutritional 
circumstances.  Particular  note  should  be  made  of  the 


3  Lanvar  F  •  Liel),  H.,  and  Verdino,  A.:  Ueber  die  Ausscheidung 
„y,L„T™nfe„’.cl,lici;en  Harn  un.„  pl,y,iol«S,.cl.en  «nd 

srhaltnissen,  Ztschr.  f.  physiol.  (Them.  317.160,  1933. 

4  Reznikoff  Paul;  Toscani,  Vincent,  and  Fullarton,  Ruth-  Iro ' 

etaboHsm  in  ’a  Normal  Subject  and  in  a  Bald: 

itritinn  7*221  (Feb.)  1934.  Barer,  Adelaide,  Paul,  .  O.,  ana  isaiu 
C  w' •  Studies  on  the  Relationship  Between  Oxygen  Consumptio 
f  NiUoglnTMetSism:  III.  Polycythemia  Vera,  J.  Clin.  Investigation 
J  iVraan.)  1934.  Hahn,  Bale,  Hettig,  Kamen  and  '' hippie^ 
c  u  p  F  •  Rale  W  F  *  Hettig,  R.  A.;  Kamen,  M.  p.,  and 

hippk!  G.’  h!;  Rad^oictivy'lron  and  Excretion  in  Urine,  Bile  and 

■cesf  J.  Exper.  Med.  70:  443  (Nov.)  1939.  v  bv  the 

6.  Maddock.  Stephen,  and  Heath  C.  W  :  Is  J 

istrointestinal  Tract  of  the  Dog?  Arch.  Int.  Med.  63.  584.5S9  OMarcii.. 


’^^6a.  McCance.  R.  A.,  and  Widdowson.  E.  M.:  Absorption  and  Excre 
tion  of  Iron,  Lancet  3:  680,  1937. 


Table  1. — Summary  of  Studies  on  Iron  Metabolism 

(From  Heath  and  Patek  ’) 
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obsei  vations  of  Lintzel.  In  his  experiments  even  when 
the  diet  contained  as  little  as  0.9  mg.  of  iron  daily, 
the  caloric  intake  being  adequate,  iron  balance  was 
reached  within  a  few  days. 

To  the  evidence  of  the  chemical  and  microscopic 
studies  which  show  meager  iron  excretion  from  the 
body  may  be  added  the  evidence  from  certain  clinical 
observations.  Study  of  patients  having  hypochromic 
anemia  which  is  alleviated  by  iron  medication  shows 
that  serious  blood  loss  can  usually  be  demonstrated 
in  such  patients.  In  so-called  idiopathic  hypochromic 
anemia,  careful  clinical  study  of  cases  has  shown  the 
wide  prevalence  of  abnormal  blood  loss,  usually  from 
menorrhagia  or  bleeding  hemorrhoids  and  often  occur¬ 
ring  in  a  subtle  and  chronic  form.^  The  evidence  is  so 
overwhelming  that  iron  deficiency  occurring  in  men  and 
women  is  associated  with  abnormal  blood  loss  that,  even 
in  the  presence  of  very  poor  diets  and  conditions  of  the 
gastrointestinal  tract  which  interfere  with  the  absorption 
of  iron,  a  history  of  blood  loss  in  such  cases  is  always 
to  be  expected  and  should  be  most  carefully  searched 
for,  I  have  not  yet  observed  such  a  case  which  I  felt 
could  reasonably  be  supposed  to  have  resulted  from 
a  prolonged  negative  iron  balance. 

In  contrast  to  the  very  small  amounts  of  iron  which 
are  lost  from  the  body  by  the  renal  and  gastrointestinal 
routes  are  the  significantly  large  amounts  of  iron  which 
may  sometimes  be  shown  to  be  absorbed.  The  metabo¬ 
lism  experiments  of  Fowler  and  Barer  ®  and  of  Brock 
and  Hunter  ^  show  that  an  astonishingly  large  amount 
of  iron  may  be  retained  by  the  body.  Retention  of  over 
6  Gm.  of  iron  in  an  experimental  period  has  apparently 
been  demonstrated :  more  than  the  amount  of  iron 
assumed  to  be  present  normally  in  the  body.  That 
the  body  in  certain  cases  can  retain  large  amounts  of 
iron  is  demonstrated  in  hemochromatosis,  in  which  over 
50  Gm.  of  iron  may  be  recovered  from  the  tissues. 
In  this  disease  there  may  be  disturbance  of  a  control 
mechanism  which  limits  the  retention  of  iron  in  normal 
individuals.  In  dogs  and  in  man  it  has  been  demon- 


7.  Heath,  C.  W.,  and  Patek,  A.  J.:  The  Anemia  of  Iron  Deficiency. 

Medicine  16:  267-350  (Sept.)  1937.  _  n  • 

8.  Fowler.  VV.  M..  and  Barer  A.  P.:  Iron  Retention  Following  U.e 
of  Ferric  Ammonium  Citrate  in  Hypochromic  Anemia,  J.  A.  Al.  A.  xu-i  . 


‘‘‘'‘9.^BrL.  J.  F..  and  Hunter.  D.:  The  Fate  of  Large  Doses  of  Iron 
Administered  by  Mouth,  Quart.  J.  Med.  6:  5,  IVA/. 
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St  rated  that  iron  is  retained  in  larger  amounts  when 
there  is  need  for  materials  for  blood  regeneration^" 
The  iron  is  apparently  absorbed  largely  in  the  upper 
small  intestine  and  perhaps  in  the  stomachd^  It  is 
conve)'ed  in  the  plasma,  possibly  also  in  the  red  blood 
cells  and  is  found  stored  particularly  in  the  liver, 
spleen,  kidneys,  skin  and  apparently  the  bone  marrow. 
In  persons  in  good  nutrition  there  is  presumably  a  store 
of  such  iron  which  is  available  should  a  need  arise, 
for  example  the  need  occasioned  by  acute  blood  loss. 

Although  it  cannot  be  said  that  adult  man  will  become 
anemic  if  his  diet  contains  too  little  iron,  much  can 
be  said  in  favor  of  diets  containing  adequate  amounts 
of  iron  for  the  population  at  large.  Blood  loss  of  one 
sort  or  another  is  extremely  common,  particularly  in 
females,  and  adecpiate  stores  of  iron  should  be  avail¬ 
able  in  the  body  to  meet  such  demands  when  they  arise. 
Sherman  has  estimated  the  “dietary  standard”  of 
man  as  about  12  mg.  of  iron  daily.  I  estimated  the 
diets  of  over  200  healthy  male  college  undergraduates 
to  contain  an  average  of  16  mg.  of  iron  a  day  and  to 
vary  from  6  to  over  20  mg.  of  iron  a  day.  The  Com¬ 
mittee  on  Food  and  Nutrition  of  the  National  Research 
Council  has  recommended  the  daily  allowances  for 
iron  given  in  table  2. 


The  need  for  iron  varies  greatly  at  different  ages  and 
under  different  conditions.  In  growth  there  is  a  need 
for  iron  to  supply  the  hemoglobin  in  the  expanding 
blood  volume.  In  fact,  by  far  the  greater  part  of  the 
functioning  iron  of  the  body  is  located  in  the  circulating 
hemoglobin.  The  blood  under  ordinary  conditions  con¬ 
tains  more  than  five  times  the  concentration  of  iron 
of  any  organ  of  the  body,  and  its  mass  is  considerably 


10.  Fontes,  G.,  and  Thivolle,  L. :  Bilan  du  fer  chez  le  chien  rendu 

saignees  repetees,  Comptes  rend.  Soc.  de  biol.  109- 911 

!?  ?!,  X;:  H.  R.,  and  Minnick.  Virgi.di:  A  Stud; 

Of  the  Selective  Absorption  of  Iron  with  the  Aid  of  Its  Radioactive 
Isotope  J.  Clin.  Investigation  20:436-437  (July)  1941.  Ross  T  F 
^d  Chapin,  M.  A  :  The  Selective  Absorption  of  Radioactive  iron  by 
Normal  and  Iron  Deficient  Human  Subjects,  ibid.  20:435  (July)  1941^ 

11.  Hahn,  P.  F.:  The  Metabolism  of  Iron  Medicine  iR.o.ioo/;/' 
(Sept.)  1937.  Hahn,  P.  F.;  Bale,  W.  F  •  Lawrenre  F  n  . 

G.  H.:  Radioactive  Iron  and  Its  Metabolism  in  AnemiT 
Transportation  and  Utilization.  J.  Exper  Med  6^  739 
Arrowsmith,  W.  R.,  and  Minnich,  Virginia:  Siie  of  AbLn^frtf/^ 
from  the  Gastrointestinal  Tract.  J.  A.  M.  A.  116 :  2427  (Zy  24M94T 

Yolk.  MaZmaT  Com^pIny?'‘l^9"^!^'"  "d.  5.  New 

llJ:?6~u.e1)''mY^'Vs^  Nutrients.  J.  A.  M.  A. 
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larger  than  that  of  the  liver.'"  Growth  of  the  blood 
volume  can  be  placed  beside  loss  of  blood  as  an  impor¬ 
tant  contributing  cause  of  iron  deficiency.  At  puberty 
as  well  as  in  infancy  there  is  an  acceleration  of  growth 
and  an  increase  in  the  circulating  hemoglobin.  At 
puberty  in  girls  there  is  also  a  loss  of  hemoglobin  (and 
therefore  of  iron)  in  the  menstrual  fluid.  In  pregnancy 
there  is  an  increased  need  for  iron  to  supply  the  growing 
fetus.  The  child  at  birth  normally  has  a  certain  amount 
of  stored  iron,  both  in  the  tissues  and  in  the  excess 
circulating  hemoglobin,  which  is  available  for  use.  In 
])rematurity  and  twin  births  this  may  be  considerably 
limited  and  these  infants  are  later  vulnerable  to  iron 
deficiency.  Finally,  during  lactation  there  is  loss  of  iron 
which  annually  probably  is  similar  in  quantity  to  the 
menstrual  loss.  Unless  iron  is  provided  to  replace  what 
is  lost  or  to  build  new  hemoglobin  under  these  condi¬ 
tions,  iron  deficiency  anemia  will  manifest  itself.  Suffi¬ 
cient  stored  iron  will,  of  course,  provide  the  necessary 
iron.  But,  if  the  stores  of  iron  are  insufficient,  iron 
must  be  provided  through  the  food  or  through  medica¬ 
tion,  if  iron  deficiency  anemia  is  to  be  avoided.  Some¬ 
times  gastrointestinal  disturbances  such  as  diarrhea, 
achlorhydria  or  intestinal  disease  interfering  with 
absorption  will  prevent  iron  from  entering  the  body, 
even  though  the  diet  has  supposedly  adequate  amounts 
of  iron.  W'hen  this  is  the  case  an  individual  may 
maintain  a  low  hemoglobin  level  for  many  years.  The 
administration  of  large  doses  of  inorganic  iron  in  such 
cases  will  practically  always  relieve  the  anemia. 

Tables  3  and  4  give  the  estimated  annual  iron  require- 
anents  for  physiologic  needs  of  males  and  females  and 
the  data  from  which  these  requirements  are  derived. 
The  sources  for  the  changes  of  growth,  blood  volume 
and  hemoglobin  values  with  age  and  sex  Ijave^been 
described  in  the  original  publication  of  the  tables. 
somewhat  similar  analysis  of  the  gi'owth  requirement 
for  iron  has  been  reported  by  the  W  hite  House  Coi 
ference  on  Child  Health  and  Protection.'  The  hguie. 

diminution  of  the  gross  ainount  of 


14.  In  any  anemic  slate  there  is  ^  "Yawing  iron.  This  does  not 

circulating  hemoglobin  and  also  o  kinds  of  anemia.  In  pernicious 

mean  that  iron  deficiency  is  Prese^  in  all  kinds  ot  anem  a 

as  iro..,  .s 


Heath  and  Patek,'  pp.  278-283. 
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(Century  Company.  1932. 


Il<().\ 


121 


in  that  report  are  somewhat  higher,  lieing  bascxl  on  the 
total  iron  content  of  the  body.  Tables  3  and  4  show 
that  iron  requirements  are  greatest  in  infancy  and  early 
childhood  and  about  the  age  of  puberty,  and  they  are 
larger  in  females  than  males  after  puberty  and  are 
increased  during  pregnancy.  At  these  times  and  under 
these  conditions  iron  deficiency  is  seen  most  commonly, 
if  we  except  cases  of  pathologic  blood  loss,  ibis  sup¬ 
ports  the  assumption  which  has  been  made  that,  if 
physiologic  needs  for  iron  are  not  supplied,  iron  defi¬ 
ciency  anemia  will  occur. 

Since  the  ])hysiologic  factors  which  favor  iron  defi¬ 
ciency  are  universal,  as  well  as  blood  loss  from  wounds 

T.able  2— Recommended  Daily  Alloivancc  jor  Iron 
(Coininittce  on  Food  and  Nutrition,  National  Research  Council) 

Iron,  Mg. 


Children  under  l  year .  6 

Children  1-3  years .  ^ 

Children  4-G  years .  8 

Children  7-9  years .  10 

Children  10-12  years .  12 

Girls  13-15  years .  15 

Girls  16-20  years .  15 

Boys  13-15  years .  15 

Boys  16  20  years .  15 

Women,  nonpregnant .  12 

Women,  pregnant .  15 

-Men .  12 


or  lesions  of  disease,  there  can  be  no  purely  geographic 
distribution  of  iron  deficiency.  There  are,  however, 
environmental  factors  which  may  render  iron  deficiency 
more  common  in  certain  locations.  The  anemia  asso¬ 
ciated  with  hookworm  infection  is  an  anemia  of  iron 
deficiency  and  is  found  in  tropical  and  subtropical  cli¬ 
mates.  Customs  restricting  the  activities  of  w^omen, 
such  as  those  of  certain  sects  of  India,  may  interfere 
in  various  ways  with  the  intake  of  food  iron.  It  is 
probable  that  Victorian  influences  circumscribing  the 
activities  of  women  were  in  part  responsible  for  the 
high  incidence  of  “chlorosis”  in  the  past  century.*^ 


17.  Davi^dspn,  L.  S.  P.,  and  Leitch,  I.:  The  Nutritional  Anemias  of 
Man  and  Animals,  Nutrition  Abstr.  &  Rev.  2:  195,  1934.  Heath  C  W  • 

937  OmV  North  America  21:  389 

1937.  Olef,  I.:  Chlorosis,  New  England  J.  Med.  235  :  358,  1941,  ' 
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Anemia,  achlorhydria  and  intestinal  disorders  appear 
to  be  more  common  in  parts  of  the  Scandinavian 
countries,  England,  and  Scotland  and  North  America, 
although  hereditary  influences  as  vrell  as  dietary  customs 
among  Nordic  peoples  may  play  a  role.  It  is  estimated 

1  ABLE  3. — Estimated  Iron  Requirements  for  Growth:  Males 


Annual 


Total 

Annual 

Gain 

Total 

Total 

Normal 

Circu¬ 

Gain 

Extra- 

Annual 

Blood 

Hemo¬ 

lating 

Circu¬ 

circu¬ 

Require¬ 

Surface 

Vol¬ 

globin, 

Hemo- 

lating 

lating 

ment  of 

Weight, 

Area, 

ume, 

Gm.  per  globin. 

Iron, 

Iron, 

Iron. 

Years 

Kg. 

Sq.  M. 

Cc. 

100  Cc. 

Gm. 

Gm. 

Gm. 

Gm. 

Birth 

3.4 

0.226 

260 

19.46 

50.6 

0.158 

0.037 

0.195 

1 

10.9 

0.521 

818 

11.87 

97.1 

0.099 

0.013 

0.112 

2 

13.4 

0.598 

1,017 

12.42 

126.3 

0.071 

0.009 

0.080 

3 

15.3 

0.665 

1,184 

12.42 

147.1 

0.082 

0.010 

0.092 

4 

17.3 

0.749 

1,378 

12.42 

171.1 

0.086 

0.012 

0.098 

5 

19.0 

0.810 

1,550 

12.08 

190.5 

0.006 

0.013 

0.079 

6 

22.2 

0.884 

1,680 

12.85 

215.9 

0.068 

0.012 

0.080 

7 

24.6 

0.948 

1,801 

13.11 

236.1 

0.054 

0.016 

0.070 

8 

27.9 

1.011 

1,921 

13.11 

251.8 

0.057 

0.015 

0.072 

9 

30.9 

1.078 

2,048 

13.11 

268.5 

0.134 

0.018 

0.152 

10 

34.5 

1.168 

2,348 

13.11 

307.8 

0.114 

0.016 

0.130 

11 

37.6 

1.240 

2,604 

13.11 

341.4 

0.122 

0.015 

0.137 

12 

40.7 

1.308 

2,878 

13.11 

377.3 

0.168 

0.021 

0.189 

13 

44.8 

1.403 

3,255 

13.11 

426.7 

9.176 

0.022 

0.198 

14 

49.3 

1.502 

3,650 

13.11 

478.5 

0.280 

0.034 

0.314 

la 

56.0 

1.621 

4,134 

13.57 

561.0 

0.290 

0.023 

0.313 

16 

60.6 

1.706 

4,006 

14.03 

646.2 

0.335 

0.018 

0.353 

17 

64.3 

1.772 

5,139 

14.49 

744.6 

0.174 

0.009 

0.183 

18 

66.1 

1.801 

5,493 

14.49 

795.9 

0.143 

0.0C6 

0.149 

19 

07.2 

1.813 

5,783 

14.49 

838.0 

0.081 

0 

0.081 

20 

67.2 

1.813 

5,947 

14.49 

861.7 

0.071 

0 

0.071 

21 

.... 

1.813 

6,092 

14.49 

882.7 

0.071 

0 

0 

22 

.... 

1.813 

6,092 

14.49 

882.7 

0.071 

0 

0 

23 

•  •  «  • 

1.813 

6,092 

14.49 

882.7 

Total  requirement:  Birth  to  21  years 


that  iron  deficiency  is  present  in  at  least  16  per  cent  of 
the  female  patients  entering  the  general  medical  wards 
of  the  Boston  City  Hospital.  In  an  extensive  study  of 
individuals  belonging  to  the  poorest  classes  of  northeast 
Scotland,  Davidson,  Fullerton  and  Campbell  found 
anemia  believed  to  be  iron  deficiency  in  41  per  cent  of 
infants  under  2  years,  32  per  cent  of  preschool  children. 


18.  Davidson,  L.  S.  P.;  Fullertom  H.  W  ,  and  Campbell,  R.  M.: 
Nutritional  Iron  Deficiency  Anemia,  Brit.  M.  J.  2.  195,  IVJS. 
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2  per  cent  of  school  children,  16  per  cent  ot  adolescent 
women  and  45  i)er  cent  of  adult  women.  MacKay 
reported  also  an  extremely  high  incidence  of  iron 


Table  4. — Estiviated  Iron  Requirements  for  Growth  of  Females, 
Menstruation  and  Pregnancy 


Annual  Annual  Total 

“Nor-  Total  Annual  Gain  Loss  of  Annual 


Total 

mal" 

Circu- 

Gain 

Extra- 

Iron 

Require 

Blood 

Hemo- 

lating 

Circu- 

circu- 

by 

ment 

Surface 

Vol- 

globin. 

Hemo- 

lating 

lating 

Cata- 

or 

Ace.  Weicht. 

.Area, 

ume. 

Gm.  per  globin. 

Iron, 

Iron, 

menia, 

Iron, 

Years 

Kg. 

Sq.  M. 

Cc. 

100  Cc. 

Gm. 

Gm. 

Gm. 

Gm. 

Gm. 

Birth 

3.26 

0.222 

255 

19.46 

49.6 

0.148 

0.034 

0 

0.182 

1 

10.2 

0.500 

785 

11.87 

93.2 

0.100 

0.012 

0 

0.112 

2 

12.5 

0.581 

988 

12.42 

122.7 

0.079 

0.013 

0 

0.092 

3 

15.1 

0.660 

1,175 

12.42 

145.9 

0.068 

0.012 

0 

0.080 

4 

17.4 

0.726 

1,136 

12.42 

165.9 

0.077 

0.010 

0 

0.087 

5 

19.5 

0.782 

1,486 

12.68 

188.4 

0.091 

0.015 

0 

0.106 

G 

22.4 

0.882 

1,676 

12.85 

215.4 

0.0(S 

0.013 

0 

0.078 

7 

25.1 

0.941 

1,788 

13.11 

234.4 

0.053 

0.014 

0 

0.067 

8 

27.9 

1.004 

1,908 

13.11 

250.1 

0.088 

0.020 

0 

0.108 

9 

31.8 

1.079 

2,104 

13.11 

275.8 

0.103 

0.017 

0 

0.120 

10 

35.2 

1.162 

2,336 

13.11 

306.2 

0.143 

0.020 

0 

0.163 

11 

39.2 

1.265 

2,657 

13.11 

348.3 

0.142 

0.022 

0 

0.164 

12 

43.7 

1.352 

2,974 

13.11 

389.!» 

0.171 

0.021 

0 

0.192 

13 

47.9 

1.448 

3,359 

13.11 

440.4 

0.131 

0.014 

0 

0.145 

14 

50.7 

1.503 

3,652 

13.11 

478.8 

0.151 

0.019 

0.298 

0.468 

15 

54.5 

1.565 

3,991 

13.11 

523.2 

0.120 

0.006 

0.298 

0.424 

16 

55.7 

1.578 

4,261 

13.11 

558.0 

0.193 

0.007 

0.298 

0.498 

17 

57.0 

1.601 

4,643 

13.25 

615.2 

0.135 

0.002 

0.298 

0  435 

18 

57.4 

1.605 

4,895 

13.38 

655.0 

19 

58.2 

1.621 

5,171 

13.52 

699.1 

0.150 

0.004 

0.298 

0,452 

20 

1.621 

5,317 

13.52 

718.9 

0.067 

0 

0.298 

0.365 

21 

•  •  •  « 

1.621 

5,447 

13.52 

736.4 

0.060 

0 

0.298 

0.358 

22 

1.621 

5,447 

13.52 

736.4 

0 

0 

0.298 

0.298 

23 

•  •  •  • 

1.621 

5,447 

13.52 

736.4 

0 

0 

0.298 

0.298 

24 

♦  ♦  •  • 

1.621 

5,447 

13.52 

736.4 

0 

0 

0.298 

0.298 

26 

•  •  •  • 

1.621 

5,447 

13.52 

736.4 

0.374* 

0 

0 

0.374 

26 

.... 

1.621 

5,447 

13.52 

736.4 

0 

0 

0.298 

0.298 

Total  requirement: 

Birth 

to  21  years. . . . 

4.696 

Kstimated  iron  requirement  for  pregnancy. 


deficiency  anemia  in  women  and  infants  of  the  hospital 
class  in  London.  MacKay  also  presented  evidence 


Nutritional  Anemia  in  Infancy  I  A 

|/sea%i 

Kay  (footnote  19,  second  reference).  ’  1931.  Mac- 
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indicating-  that  anemia  of  iron  deficiency  was  associated 
with  a  higher  incidence  of  infections.  Dietary  and 
hygienic  factors  will  infinence  the  incidence  of  iron 
deficiency  as  well  as  of  other  deficiency  states  in  any  one 
locality  or  at  any  oiie  time.  Cases  of  iron  deficiency, 
on  the  other  hand,  will  be  present  everywhere  and  at 
all  times  as  long  as  pathologic  blood  loss  and  other 
factors  interfering  with  normal  physiology  of  iron  exist. 


REQUIREMENTS  FOR  COPPER  AND  OTHER  METALS 


The  imjXDrtant  change  in  the  body  when  there  is 
a  deficiency  of  iron  is  an  inability  to  form  hemoglobin. 
There  are  undoubtedly  other  widespread  changes  in 
the  body,  examples  being  the  dystrophy  of  the  nails 
and  the  atrophy  of  the  pharyngeal  mucous  membrane 
in  severe  chronic  iron  deficiency,  but  these  are  less 
well  understood.  Iron  forms  an  essential  part  of  the 
hemoglobin  molecule,  which  is  a  protein  in  which  a 
large  molecule,  globin,  is  linked  with  a  smaller  iron- 
containing  molecule,  hematin.  In  the  absence  of  avail¬ 
able  iron,  therefore,  hemoglobin  cannot  be  formed. 
Nevertheless  there  are  a  number  of  other  substances 
which  in  the  presence  of  iron  have  been  shown  to 
influence  hemoglobin  production.  Whipple  and  his 
co-workers  have  been  able  to  arrange  certain  foodstuflfs, 
among  them  liver,  according  to  their  power  of  regen¬ 
erating  hemoglobin  in  dogs  rendered  chronically  anemic 
by  repeated  bleeding  and  maintained  on  a  diet  poor 
in  hemoglobin-regenerating  factors.  Bile  pigment, 
chloroidiyll  and  chlorophyll  derivatives  are  efifective 
when  added  to  small  doses  of  iron  in  increasing  blood 
regeneration  in  iron  deficiency.  Copper  has  attracted 
particular  attention  as  an  adjuvant  to  iron  therapy, 
because  it  has  been  proved  quite  definitely  that  copper 
is  a  necessary  substance  for  hemoglobin  formation,  at 
least  in  small  animals.-^  Copper,  however,  does  not 
form  a  part  of  the  hemogdobin  molecule,  and  although 
it  is  an  essential  element  in  human  tissues  its  functions 
are  little  understood.  Iron  deficiency  anemia  in  adu  t 
man  apparently  responds  satisfactorily  to  iron  therapy 


21.  Elvehjeni,  C.  A.:  The  Significance  of  Copper^  and.  m 

sVeTn,arr  Copper  in  Hon  Metabolisjn. 

t.  r  an?^%rE- T;  U 

Hemorrhagic  Anemia  in  Dogs  on  JMiiK  uieis,  j. 
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without  supplementary  copper  feeding.  not 

proof  that  copper  isn’t  needed,  but  only  that  supple¬ 
mentary  copper  therapy  is  not  necessary.  1  he  issue  is 
clouded  by  the  fact  that  most  iron  in-eparations  used  in 
therapy  as  well  as  most  foods  contain  small  amounts  ot 
copper.  A  few  cases  of  iron  deficiency  in  man  have 
been  treated  satisfactorily  with  copper-free  iron.  Iron 
given  parenterally  in  small  amounts  has  been^iecovei ec 
quantitatively  in  the  new-formed  hemoglobin. “  Memo- 
globin  formation  in  certain  cases  of  childhood  anemia 
has  apparently  been  hastened  by  supplementing  iron 
therapy  with  copper,-^  although  these  results  have  not 
been  conclusive  and  the  thesis  that  supplementary  cop¬ 
per  is  necessary  in  the  treatment  of  iron  deficiency 
in  childhood  has  not  been  supported  by  others.-'* 

( )ther  metals,  such  as  arsenic,  zinc,  nickel  and  man¬ 


ganese  in  very  minute  amounts,  perhaps  have  a  similar 
influence  to  copjier.-^  Man  derives  his  variegated  food 
from  widely  different  locations,  and  even  much  limited 
diets  may^  contain  significant  amounts  of  elements  which 
are  present  in  the  body  in  minute  amounts.  This  is 
not  true  of  laboratory  animals  on  controlled  diets  or 
in  the  cattle  and  sheep  industry  in  certain  parts  of 
the  world.  A  case  in  point  is  the  peculiar  anemia  of 
cattle  and  sheep  which  graze  on  land  the  soil  of  which 
is  poor  in  certain  minerals.  This  has  been  investigated 
by  Filmer  and  Underwood  in  Australia,  who  found 
that  cobalt  is  apparently  the  specific  element  which  is 
deficient.  It  is  extremely  unlikely  that  specific  defi¬ 
ciencies  of  these  minerals  other  than  iron,  which  are 
required  by  the  body  in  minute  amounts,  will  develop 
in  man.  The  possible  exception  to  this  is  the  case 
of  infants  fed  on  cow’s  milk  exclusively  during  the 
first  year  of  life. 


22.  Heath,  C.  W. ;  Strauss,  M.  B.,  and  Castle,  W.  B.;  Quantitative 
Aspects  of  Iron  Deficiency  in  Hypochromic  Anemia,  J.  Clin.  Investisiation 
11  :  1293,  1932. 

23.  Josephs,  H.  W.:  Treatment  of  Anemia  of  Infancy  with  Iron  and 
Copper,  Bull.  Johns  Hopkins  Hosp.  49:246,  1931. 

^  ^t-  t^oldhamer,  S.  M.;  Isaacs,  Raphael,  and  Sturgis, 

C.  C.;  The  Diagnosis  and  Treatment  of  Iron  Deficiency  Anemia  I  A 
M.  A.  103:  797  (Sept.  15)  1934.  Heath,  C.  W.:  Oral  Administration 
ot  Iron  in  Hypochromic  Anemia,  Arch.  Int.  Med.  .51:  459  (March)  1933. 

25.  Myers,  V.  C.,  and  Beard,  H.  11.:  Studies  in  the  Nutritiomi 

Anemia  of  the  Rat:  II.,  J.  Biol.  Chem.  94:89,  1931.  ^Nutritional 

26.  Filmer,  J.  F.;  Enzootic  Marasmus  of  Cattle  and  Sheep,  Australian 

Veterinary  J.,  9:163  1933.  Filmer,  J.  F.,  and  Underwood,  E  J 

Treatment  with  Limonite  Fractions  ibid  lO-Xl 
934.  Underwood,  E.  J,  and  Filmer,  J.  F.:  Enzootic  MaSus  The 
ibid  Trr84°"l935*’^  Biologically  Potent  Element  (Cobalt)  in  Limonite, 


126 


CLARK  IV.  f  I  EAT  II 


RKCOMMENDATIONS  FOR  SATISFYING  NUTR.TIONAL 

requirements  for  iron  and 

OTHER  METALS 

Iron  IS  widely  distributed  throughout  nature  and  is 
probably  present  in  all  cells  both  plant  and  animal 
where  it  serves  an  essential  use  in  cellular  function.^^’ 
The  more  processed  and  purified  foods  consumed  by 
man  (e.  g.  cane  sugar,  white  flour,  polished  rice)  con¬ 
tain  less  iron  as  well  as  other  accessory  food  sub¬ 
stances  than  the  cruder  products.  A  diet  containing 
adequate  amounts  of  iron  and  other  minerals  should 
therefore  be  rich  in  animal  and  vegetable  cells,  should 
be  broadly  chosen  and  should  have  no  excess  of  highly 
processed  foods.  Presumably,  if  the  iron  content  of 
the  diet  is  satisfied  the  content  of  copper,  cobalt,  and 
manganese  will  be  satisfied.  Iron  deficiency  anemia 
itself,  which  can  and  often  does  arise  in  spite  of  ade¬ 
quate  iron  in  the  food,  is  easily  treated  by  the  adminis¬ 
tration  of  adequate  doses  of  inorganic  iron  preparations, 
for  example  ferrous  sulfate  0.3  Gm.  (or  more)  three  or 
four  times  daily,  ferric  and  ammonium  citrate  2  Gm. 
(or  more)  three  times  daily  or  reduced  iron  1  Gm. 
(or  more)  three  times  daily.  Smaller  doses  are  given  in 
infancy  and  childhood.  Iron  may  be  properly  given 
as  a  preventive  against  the  later  occurrence  of  iron 
deficiency  during  pregnancy,  in  infancy  and  early 
childhood  and  in  girlhood  about  the  time  of  puberty. 

In  table  2  have  been  given  the  recommended  daily 
allowances  for  iron  in  the  diets  of  children,  men  and 
women  as  recommended  by  the  Committee  on  Food  and 
Nutrition.  These  figures  are  very  much  greater  than 
the  actual  physiologic  needs  of  the  body  for  functioning 
iron,  but  only  a  part,  usually  a  very  small  part,  of  the 
iron  of  the  food  is  absorbed.  A  well  chosen  diet, 
adequate  in  calories  and  containing  meat,  eggs,  colored 
vegetables  and  whole  grain  flour,  will  satisfy  or  even 
exceed  these  requirements.  Although  such  diets  would 
certainly  be  adequate  for  all  healthy,  active  men,  par¬ 
ticularly  those  in  the  armed  forces,  they  would  be  less 
likely  to  satisfy  the  needs  of  all  the  civilians,  particu¬ 
larly  women  and  children.  There  is  therefore  some 
justification  for  the  proposals  to  add  iron  salts  to  flour 
for  civilian  consumption.  This  is  perhaps  especially 

27.  Jones,  H.  W.:  The  Distribution  of  Inorganic  Iron  in  Plant  and 
Animal  Tissues,  Biocheni.  J.  14:  654,  1920. 
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justified  because  of  our  lack  of  knowledge  of  the  avad- 
ability  of  iron  from  various  foods.  Iron  in  different 
organic  combinations  in  foods  certainly  varies  in  the 
ease  with  which  it  may  be  liberated  by  the  digestive 
process  for  absorption.  No  satisfactory  test  has  yet 
been  made  for  determining  the  availability  for  man  of 
the  iron  in  different  foods.  The  dipyridyl  method  has 
been  of  some  accuracy  in  determining  iron  of  the  food 
available  for  rats.-®  Probably  different  individuals  will 
vary  greatly  in  their  ability  to  absorb  different  kinds  of 
food  iron.  The  accompanying  foods,  the  state  of  the 
gastrointestinal  tract  and  the  need  of  the  body  for  iron 
and  other  metals  will  all  influence  the  amount  of  iron 
absorbed  from  a  particular  food. 

The  Council  on  Foods  and  Nutrition  of  the  Ameri¬ 
can  Medical  Association  has  discussed  fully  the 
enriching  of  flour  with  mineral  and  vitamin  supple¬ 
ments.^®  The  problem  as  regards  iron  is  that  of  the 
choice  of  iron  preparation,  the  ease  and  efficiency  of 
mixing,  palatability,  the  availability  of  the  iron  and  its 
possible  detrimental  effect  on  other  constituents  of  the 
enriched  flour.  Obviously,  the  questions  which  this 
subject  raises  cannot  all  be  answered  even  in  the  near 
future.  It  is  fairly  certain,  however,  that  iron  as  a 
simple  iron  salt  added  to  flour  will  be  more  available 
than  the  iron  in  close  organic  combination  in  the 
original  flour.  There  is  some  indication,  on  the  other 
hand,  that  iron  salts  mixed  with  other  substances  before 
feeding  are  less  available  for  absorption  than  when  fed 
alone.®®  There  has  also  been  demonstrated  a  relation¬ 
ship  between  the  utilization  of  iron  and  the  amounts 
of  calcium  and  phosphorus  in  the  diet  and  other 
interrelationships  will  undoubtedly  be  established.  At 
the  present  time  it  would  appear  that  if  whole  grain 
flours  were  widely  used,  and  the  advantages  of  a  widely 
chosen  and  adequate  diet  were  promulgated,  nutritional 
requirements  for  iron  and  other  minerals  (with  pos- 
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sible  exceptions  of  calcium  and  phosphorus)  would  he 
adequately  supplied.  On  the  other  hand,  there  is  no 
definite  indication  that  harm  would  result  from  the 
addition  of  small  amounts  of  iron  salts  to  flour.  There 
is  no  more  useful  field  in  nutritional  research  at  the 
present  time  than  the  exploration  of  the  adequacy  and 
inadequacy  of  different  foods  and  enriched  foods  in 
.supplying  substances  necessary  to  the  health  of  man. 


CHAPTER  VIII 


IODINE  IN  NUTRITION 

GEORGK  M.  CURTIS,  Ph.D.,  M.D. 

AND 

MILDRED  R.  FERTMAN,  A.R.,  M.A. 

COLUMBUS,  OHIO 


Ill  the  struggle  for  survival  in  this  world  conllict,  in 
which  both  physical  and  emotional  demands  on  the 
body’s  resources  are  rapidly  mounting,  the  problems  of 
nutrition  assume  an  even  greater  significance.  And 
thus  iodine,  a  nutritional  necessity,  essential  in  the  nor¬ 
mal  regulation  of  the  energy  output  of  the  human  body, 
comes  to  take  its  place  in  any  all  inclusive  war  effort. 


DISTRIBUTION  OF  IODINE  AND  GOITER 

Iodine  is  widely  distributed  throughout  all  nature. 
It  occurs  in  many  forms,  both  organic  and  inorganic. 
It  is  found  in  nearly  all  living  things  as  well  as  in  the 
air,  water,  soil  and  rocks.  Not  the  sea,  as  is  popularly 
believed,  but  the  earth’s  crust  is  the  major  storehouse 
of  iodine.^ 

Iodine  is  not  uniformly  distributed  but  varies  with 
the  local  geologic  conditions  of  the  soil  and  water. 
Inversely  related  to  the  distribution  of  iodine  is  the  inci¬ 
dence  of  endemic  goiter.  The  highest  incidence  of 
goiter  is  found  among  the  Alps.  Pyrenees  and  Hima¬ 
layas,  the  Thames  Valley  in  England,  certain  inhabited 
distiicts  of  New  Zealand,  the  region  of  the  Great  Lakes 
and  the  Pacific  Northwest.- 

Throughout  the  United  States  there  are  similarlv 
varying  degrees  of  iodine  deficiency.  A  low  occurrence 
of  iodine  together  with  a  high  incidence  of  goiter  are 
especially  prominent  in  the  Central  Plain  of  North 
Ameiica,  in  contrast  to  the  low  incidence  of  goiter  on 
the  sea  coasts,  where  large  amounts  of  high  iodine  con¬ 
taining  sea  foods  are  consumed.  On  the  other  hand  the 
district  of  Salt  Lake  City  has  a  high  incidence  of  goiter 
even  though  the  water  of  Great  Salt  Lake  has  a  higher 
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iodine  concentration  than  the  ocean.  However,  neither 
vegetation  nor  fish  for  human  consumption  comes  from 
the  nearly  lifeless  waters  of  the  Great  Salt  Lake.^ 

The  incidence  of  goiter  can  be  correlated  with  the 
iodine  intake  of  a  given  region.  This  in  turn  is  largely 
dependent  on  the  soil  iodine.  Intake  iodine  is  derived 
essentially  from  the  food  and  to  a  lesser  degree  from 
unsupplemented  salt  or  from  water.^  About  14  micro¬ 
grams  daily  was  formerly  said  to  represent  the  differ¬ 
ence  in  iodine  intake  between  goitrous  and  nongoitrous 
regions.^  However,  even  this  low  regional  differ¬ 
ence  in  iodine  consumption  becomes  less  pronounced 
as  the  interstate  transportation  of  foods,  drinks,  vege¬ 
tables,  fruits  and  fertilizers  increases. 

The  amount  of  iodine  in  the  local  drinking  water  may 
be  regarded  as  a  measure  of  the  iodine  content  of  the 
soil  and,  consequently,  of  the  fruits,  grains,  grasses  and 
vegetables  grown  in  the  region.  It  is  not,  however, 
important  as  a  source  of  nutritional  iodine  save  in 
unusual  circumstances.^  McClendon  has  divided  the 
United  States  into  sections  according  to  the  iodine 
content  of  the  waters.  In  a  section  extending  from 
Oregon  to  the  western  part  of  Maine,  and  in  another 
from  Nevada  to  the  western  part  of  Virginia,  the  water 
iodine  is  low  and  the  incidence  of  goiter  high.^  Like¬ 
wise  the  Michigan  studies  reveal  that  the  incidence  of 
goiter  in  a  given  locality  is  inversely  proportional  to 
the  amount  of  iodine  found  in  its  waters.® 

The  food  iodine  is  the  most  important  factor  deter¬ 
mining  the  goiter  incidence  in  a  given  region.  Japan 
presents  an  outstanding  example  of  a  goiter  free  area. 
Yet  Formosa,  which,  like  Japan,  is  geologically  low  in 
iodine,  has  a  high  incidence  of  goiter.  The  absence  of 
goiter  in  Japan  is  a  consequence  of  the  extensive  impor¬ 
tation  and  consumjqion  of  seaweed,  which  is  rich  in 


iodine.^ 

In  South  Carolina,  where  the  incidence  of  goiter  is 
low,  the  amount  of  iodine  in  the  vegetables  is  con¬ 
siderably  higher  than  in  the  more  goitrous  Northern 
and  \\  estern  states.®  Yet  the  cotton  and  tobacco  grow- 
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ing  South  as  a  whole,  comprising  a  great  part  of  the 
goiter  free  United  States,'  fails  to  produce  sufficient 
food  and  feed  crops  for  its  own  needs.®  Thus,  most  of 
the  canned  foods  and  other  food  products  in  the  United 
States  come  from  sections  of  the  country  poor  in  iodine.^ 
The  regional  incidence  of  goiter  is  also  correlated 
with  the  milk  iodine  of  the  area.®  This  follows,  since 
the  iodine  content  of  the  soil  and  vegetation  determines 
the  iodine  intake  of  the  lactating  mammal.^®  Conse¬ 
quently,  the  milk  iodine  depends  on  the_  soil  of  the 
locality  from  which  it  is  obtained,  provided  supple¬ 
mental  iodine  is  not  being  consumed. “  This  is  also 
true  of  eggs  and  other  food  products.^® 

In  the  Chinese  province  of  Yunnan  there  is  a  high 
incidence  of  goiter  and  considerable  cretinism.  Men 
and  women  working  on  the  Burma  Road  show  an  inci¬ 
dence  of  thyroid  enlargement  as  high  as  80  per  cent, 
with  an  average  well  over  50  per  cent.  Residence  in 
a  Yunnan  goitrous  district  for  six  months  appears  suf¬ 
ficient  to  produce  thyroid  enlargement  in  susceptible 
individuals.  Iodine  deficiency  in  the  provincial  salt  and 
vegetation  appears  responsible.  As  the  result  of  mili¬ 
tary  occupation  by  the  Japanese,  the  hinterland  of 
China  is  now  cut  off  from  its  former  coastal  supply  of 
high  iodine-containing  salt.  Consequently  large  areas 
of  free  China  must  now  depend  on  Yunnan  salt,  which 
is  deficient  in  iodine.^® 


IODINE  AND  THE  NORMAL  THYROID  GLAND 


The  human  thyroid  gland  is  a  principal  storehouse 
for  iodine.  Weighing  ordinarily  about  25  Cm.  and  con¬ 
taining  about  10  mg.  of  iodine,  it  normally  maintains  an 
iodine  concentration  of  around  40  mg.  per  hundred 
grams.  It  was  shown  long  ago  by  Marine  and  Lenhart 
that,  when  this  concentration  falls  below  10  mg.  per 
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hundred  grains,  hyperjilasia  ensues  and  goiter  may 
consequently  develop.'^ 

No  other  organ  of  the  body  has  the  power  of  iodine 
concentration  possessed  by  the  thyroid  gland.  The 
whole  blood  iodine  averages  less  than  1  part  in  25  mil¬ 
lion,  while  the  thyroid  gland  normally  contains  approxi¬ 
mately  1  part  in  25  hundred.  This  indicates  that  the 
thyroid  gland  can  concentrate  the  iodine  it  obtains  from 
the  blood  by  a  factor  of  at  least  10,000. 

Within  the  colloid  in  the  alveoli  of  the  thyroid  gland, 
iodine  is  stored  in  the  form  of  the  amino  acids  diiodo- 
tyrosine  and  thyroxin  containing  respectively  59  and 
65  per  cent  iodine.  King  suggests  that  the  thyroid 
hormone  has  undergone  a  process  of  evolutionary  devel¬ 
opment  in  complexity,  from  a  simpler  physiologically 
active  iodine  compound  produced  in  the  tissues.^'* 

The  accepted  facts  of  thyroid  physiology  indicate 
that  iodine  is  selectively  absorbed  by  the  active  thyroid 
gland.  Furthermore,  in  some  measure  the  glandular 
function  is  regulated  by  its  iodine  content.  Studies 
with  radioactive  iodine  have  shown  that  iodine  is 
quickly  brought  to  the  gland  by  the  blood  stieam  and 
rapidly  converted  liy  the  thyroid  cells  into  organic 
compounds ;  moreover,  that  within  a  mattei  of  a  few 
hours  these  organic  iodine  compounds  may  return  to 


the  circulation.^**  . 

The  total  thyroid  iodine  content  varies  directly  with 

the  weight  of  the  gland,  while  the  relative  iodine  con¬ 
tent  is  inversely  proportional  to  its  w^eight.*'' 
inverse  relationship  betw^een  the  size  of  the 
its  iodine  concentration  was  noted  as  early  as  1896  by 
BaumaniW'  and  was  later  confirmed  by  Marine  and 


•  T'.  •  I  T  f>nlnrt  C  H.:  Further  Observations  of 

Sheep,  Dog,  Hog  and  Ox,  Arch^  I n  .  ^  Thyroid  Claud 

13.  King,  J.  D..  ihe  Content  of  Other  Normal 

ne,.,, 

Kes..  Ohio  State  Umvers.ty,  1940.  Radioactive 

eLl°fo"he”ThV'c£!  J.  Biol  .Ck™-  ;  4«  (MayJ  194U  Pe 

Bavi.'o,„  u.  .4.: 

Unpublished  data.  Todeehalt  der  Schilddriisen  von 

17  Baumann,  F-. :  Ueber  den  *»•>•  i  1896 

Menschen  und  Thieren,  Ztsehr.  f.  physiol.  Chem.  1S96. 


IODINE 


133 


Leiihart  in  1909/^  The  thyroid  iodine  content  vanes 
inversely  with  the  incidence  of  nodule  formation,  the 
percentage  of  epithelial  proliferation,  the  height^  of  the 
follicular  epithelium,  the  incidence  of  lymphocytic  infil¬ 
tration  and  the  occurrence  of  degenerative  changes/® 

Iodine  intake  is  the  principal  factor  which  determines 
the  iodine  content  of  the  thyroid  and  ovei  shadows  othei 
differences  due  to  species,  age  or  sex.  Small  differences 
in  the  supply  of  iodine  are  reflected  in  the  iodine  content 
of  the  gland.®  The  thyroid  fixes  a  relatively  higher 
percentage  of  iodine  from  smaller  doses  of  administered 
iodide  than  from  larger.^® 

Since  iodine  intake  is  so  largely  dependent  on  the  soil 
and  consequently  on  plant  iodine,  the  gland  concentra¬ 
tion  varies  with  the  geographic  distrihution  of  iodine. 
Thus,  in  nongoitrous  Texas  the  fat  free  thyroid  con¬ 
tains  6  mg.  of  iodine  per  gram,  whereas  in  goitrous 
North  Dakota  it  contains  only  3.2  mg.  per  gram.’® 

King  found  the  total  thyroid  iodine  higher  from  May 
through  October  than  from  November  through  April, 
although  the  gland  concentration  remained  fairly  con¬ 
stant.’®  The  iodine  content  of  the  ruminant  thyroid 
was  found  to  be  maximum  in  late  summer  and  early 
fall  and  at  a  minimum  in  winter  and  early  spring.®® 
This  variation  in  thyroid  iodine  may  be  attributed  to 
fluctuation  in  the  amount  of  iodine  available  from  the 
pastures.®’  Perhaps  more  fundamental  than  the  season 
per  se  is  variation  in  the  foodstuffs  available  during 
each  season.®®  Orr  and  Leitch  analyzed  various  plants 
grown  in  Scottish  pastures  and  collected  during  differ¬ 
ent  months  of  the  grazing  seasons.  They  demonstrated 
an  increase  in  the  autumn  iodine  content.® 

Age  as  well  as  sex  differences  in  thyroid  iodine  have 
also  been  reported.® 
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IODINE  AND  THE  PATHOLOGIC  THYROID  GLAND 


Endemic  goiter  and  its  sequelae  are  fundamentally  a 
result  of  iodine  deficiency.’^  The  ultimate  cause  of 
endemic  goiter,  however,  is  not  clear.  The  immediate 
cause  is  a  deficiency  of  iodine,  necessary  in  the  produc¬ 
tion  of  the  high  iodine  containing  thyroid  hormone. 
This  deficiency  may  be  absolute,  as  in  areas  of  sub¬ 
normal  iodine  intake,  or  it  may  be  relative,  subsequent 
to  various  demands  on  the  body  which  increase  the 
needs  for  thyroid  secretion. Such  factors  include 
puberty,  pregnancy,  lactation,  the  incidence  of  infectious 
diseases,  ingestion  of  toxic  substances  and  high  calcium 
intake,  as  well  as  those  conditions  which  interfere  with 
the  gastrointestinal  absorption  of  iodine. 

The  microscopic  changes  in  the  thyroid  closely 
parallel  the  chemical  findings.^®  Baumann  and  Roos 
and  also  Oswald  were  the  first  to  observe  that,  if 
iodine  is  withheld,  compensatory  hypertrophy  of  the 
thyroid  occurs.  They  noted  that  the  iodine  content  of 
the  thyroid  is  proportional  to  the  amount  of  colloid 
present  and  that  in  colloid  goiter  the  concentration  of 
iodine  is  definitely  below  that  found  in  the  normal 
gland. 

When  normal  or  goitrous  thyroid  glands  obtained 
from  goitrous  regions  are  compared  with  other  norma) 
or  goitrous  glands,  it  is  found  that  the  glands  from  the 
goitrous  regions  are  the  largest  and  have  the  highest 
incidence  of  nodule  formation,  the  smallest  follicular 
size  and  the  lowest  iodine  content. 

If  iodine  is  administered  to  a  person  with  a  normal 
thyroid  gland  or  with  a  colloid  goiter  there  is  a  subse¬ 
quent  increase  in  the  iodine  content  of  the  gland,  with 
no  notable  change  in  its  structure  and  with  no  hyper¬ 
plasia  of  the  remaining  lobe  after  single  lobectomy.  If 
iodine  is  withheld,  however,  the  iodine  content  of  the 
gland  gradually  decreases,  and  hyperplasia  will  ensue 

if  one  lobe  is  removed.^^  ,  .  v  • 

Remington  and  his  associates  have  shown  that  it  is 

possible  to  produce  enlarged  and  hyperplastic  thyroid 
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glands  in  young  rats  fed  for  five  weeks  on  a  diet 
extremely  low  in  iodine.' ‘  The  addition  of  iodide  to 
the  diet  prevented  the  development  of  goiter ;  never¬ 
theless,  increased  iodine  intake  by  newborn  rats  dur¬ 
ing  the  first  four  weeks  of  life  did  not  permit  sufficient 
storage  of  iodine  to  prevent  the  development  of  goiter 
when  iodine  was  later  withdrawn.  Varying  the  calcium 
content  of  the  ration  or  its  calcium-phosphorus  ratio  or 
the  presence  or  absence  of  vitamin  D  did  not  signifi¬ 
cantly  affect  the  degree  of  goiter  produced.'^ 

The  blood  iodine  is  increased  during  pregnancy.^® 
There  is  also  an  increased  loss  of  iodine  in  the  urine.'” 
Thyroid  hyperplasia  may  be  demonstrated  in  from  70 
to  80  per  cent  of  pregnant  women  and  may  also  occur 
during  lactation,  since  considerable  iodine  is  lost  in  the 
milk.-'*  It  has  been  noted  that  feeding  iodine  to  preg¬ 
nant  animals  prevents  microscopic  pathologic  changes 
in  the  thyroid.®” 


IODINE  AND  THE  EXTRATHYROID  TISSUES 


The  total  iodine  content  of  the  human  body  is  variable 
and  depends  on  divers  factors.  A  normal  man  weighing 
70  Kg.  may  be  estimated  reasonably  to  contain  about 
50  mg.  of  iodine,  which  is  equivalent  to  about  1  part 
in  1,400,000  of  body  substance.  Iodine  thus  forms  less 
than  0.00008  of  1  per  cent  of  the  body  weight.  Every 
cell  in  the  body  is  said  to  contain  some  iodine ;  how¬ 
ever,  of  the  total  body  iodine,  about  one  half  can  be 
assigned  to  the  muscles,  one  fifth  to  the  thyroid,  one 
tenth  to  the  skin  and  one  seventeenth  to  the  bones.®® 
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Several  investigators  maintain  that  the  iodine  concen¬ 
tration  of  the  endocrine  glands,  exclusive  of  the  thyroid 
and  ])arathyroids,  exceeds  'that  of  the  nonendocrine 
tissues. King,  investigating  mammalian  tissue  iodine,'^ 
and  Lihecap,  determining  the  iodine  content  of  normal 
human  tissues, were  unahle  to  confirm  this  relativelv 
high  iodine  content  attributed  to  the  nonthyroid  endo- 
crines.  Moreover,  they  both  found  that  the  iodine  con¬ 
tent  of  the  pituitary,  as  well  as  of  the  central  nervous 
system,  was  unusually  low. 

The  importance  of  the  liver  in  the  physiology  of 
iodine  is  emphasized  by  Elmer. This  is  further  sup¬ 
ported  by  the  consistently  high  iodine  content  found  in 
the  hile.^®  With  the  exception  of  the  thyroid  gland  and 
the  hair,  bile  contains  the  highest  iodine  concentration 
in  the  human  hody.^'‘ 

Mon  Fellenherg  found  that  the  lungs  retain  more 
injected  iodine  than  other  organs ;  however,  they  may 
also  lose  it  more  rapidly.  Since  the  administration  of 
iodide  did  not  increase  the  amount  of  iodine  in  the 
expired  air,  he  concluded  that  the  lungs  lose  iodine  in 
some  other  manner.^'’’  Ariel  and  his  co-workers  and 
Lein,®*  indei^endently  using  radioactive  iodine,  found 
that,  next  to  the  thyroid  gland,  the  lungs  collect  most 
of  the  iodine  injected.  Lein  was  unable  to  correlate 
the  large  cpiantity  of  iodine  held  in  the  lungs  with  the 
iodine  expired  in  the  air. 


IODINE  AND  THE  BODY  FLUIDS 
Human  blood  normally  contains  a  fairly  constant 
concentration  of  iodine.  Fractionation  studies  reveal 
that  about  a  fourth  of  this  appears  to  form  part  of  the 
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circulating  thyroid  hormone/"^  The  other  three  fourths, 
consequently,  would  represent  the  iodine  of  “^tiition 
together  with  products  of  the  breakdown  of  the  lug 
iodine  containing  thyroid  hormone. 

Various  values,  ranging  from  3  to  20  microgranis  per 
hundred  cubic  centimeters,  have  been  ascribed  by  dirtei^- 
ent  investigators  to  the  normal  blood  iodine  l^ve  . 
These  vary  with  the  method  of  iodine  determination, 
the  geographic  area  and  divers  other  factors.  The 
average  blood  iodine  of  29  normal  individuals  in  cential 
Ohio  was  found  to  he  4.2  plus  or  minus  1.2  miciogranis 
per  hundred  cubic  centimeters.-®  The  blood  iodine  is 
significantly  increased  during  pregnancy,  during  par¬ 
turition,  in  unmedicated  toxic  nodular  as  well  as  in 
exophthalmic  goiter  (chart  3)  and  in  certain  non¬ 
thyroid  diseases. The  higher  blood  iodine  observed 
in  certain  patients  with  treated  toxic  nodular  or  with 
exophthalmic  goiter  may  he  due  to  the  iodine  medica¬ 
tion  of  these  patients,^-  since  the  administration  of 
iodine  in  all  forms  thus  investigated  increases  the  circu¬ 
lating  blood  iodine^®  (chart  1). 


In  hypothyroidism  the  average  total  blood  iodine 
may  not  differ  as  significantly  as  might  be  expected 
from  the  normal.-®  However,  the  acetone  insoluble 
fraction,  which  presumably  contains  the  circulating 
thyroid  hormone,  has  an  average  value  of  about  one- 
half  normal  and  a  range  which  barely  overlaps  the  lower 
normal.®’* 

Ibood  iodine  levels  vary,  as  does  the  concentration  of 
the  thyroid  iodine ;  however,  the  range  is  narrower.-^ 
Some  find  a  variation  of  the  blood  iodine  with  age,^’* 
others  maintain  that  there  is  a  seasonal  variation, 
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Chart  1— A  thirty  day  iodine  balance  of  a  normal  person  (J.  R.,  a 
unart  t.  in\'nv  13  1936)  On  the  original  low  iodine  intake 
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while  some  note  sex  differences  in  the  blood  iodine 
level  We  were  unable  to  substantiate  either  a  sig¬ 
nificant  sex  difference  or  any  seasonal  difference  in  a 
study  of  hundreds  of  patients  with  various  diseases. 

In  certain  diseases  either  the  blood  iodine  or  the 
basal  metabolic  rate  is  independently  affected ;  in  others 
the  two  follow  a  similar  course.  We  have  found  the 
blood  iodine  significantly  correlated  with  the  basal  meta- 


0  T  '  Starvation 


1  2  4  5  6  7 

Thre?  day  Periodj  of  Observation 

Chart  2.— Effect  of  starvation  on  the  normal  iodine  balance  (R.  B., 
a  youth  aged  19;  normal;  constant  regimen  and  starvation;  Nov.  17- 
pec.  8,  1936).  Note  the  negative  balance  on  the  original  low  iodine 
intake.  Loss  of  iodine  in  the  urine  and  sweat  continues  during  starva- 
tion.  Reproduced  from  a  chart  that  appeared  originally  in  the  Annals 
of  Surgery,  October  1938,  p.  580. 


liolic  rate  in  70  patients  with  toxic  diffuse  goiter,  in 
29  with  toxic  nodular  goiter  and  in  80  with  nontoxic 
modular  goiter  28  (chart  3).  Mobius  and  Nolte  like- 
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wise  have  noted  correlation  between  the  basal  metabolic 
rate  and  increased  blood  iodine. 

Thyroidectomy,  either  for  thyroid  disease  or  experi¬ 
mentally,  exerts  an  important  efifect  on  the  blood  iodine. 
Immediately  following  total  thyroidectomy  there  ensues 
a  transient  increase  in  the  l)lood  iodine,  which  persists 
for  about  thirty-six  hours.  After  varying  periods 
following  total  thyroidectomy  the  blood  iodine  decreases 
to  about  one-third  normal. 

Under  maintained  basal  conditions  the  normal  adult 
excretes  a  surprisingly  constant  amount  of  iodine  in 
the  urine (chart  1).  The  urinary  iodine  varies 
geographically.  It  is  higher  in  sea  coast  regions  than 
in  those  inland  and  is  higher  in  nongoitrous  than  in 
goitrous  regions.  In  five  nongoitrous  regions  from 
72  to  343  micrograms  a  day,  averaging  165  micrograms, 
was  excreted ;  in  contrast  to  a  range  of  from  27  to  64  a 
day,  averaging  42  micrograms,  in  five  goitrous  regions. 
The  average  amount  of  urinary  iodine  excreted  during 
twenty-four  hours  by  normal  adults  in  central  Ohio,  a 
moderately  goitrous  region,  is  51  micrograms. 

Several  factors  increase  the  loss  of  iodine  in  the 
urine,  such  as  hyperthyroidism®^  (chart  3),  menstrua¬ 
tion,®-  pregnancy,-*^  surgery  ®®  and  the  administration 
of  iodine  in  nearly  all  forms®*  (chart  1).  IVIilk  with 
an  increased  iodine  content,  obtained  from  dairy  herds 
fed  supplemental  iodine  and  given  to  patients  with 
varying  types  of  thyroid  disease  as  well  as  to  other 
hospital  patients,  consistently  increased  the  urinary  out¬ 
put  of  iodine.  The  patients  were  thus  maintained  in 
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a  positive  iodine  lialance  “  (cliart  1).  On  f'c 
hand,  fasting  decreases  the  urinary  excretion  of  iodine 
(chart  2).  However,  the  decrease  is  less  if  the  fasting 
is  preceded  by  an  iodine  rich  diet.®® 

Iodine  has  been  demonstrated  in  lymph,®'  cerebro¬ 
spinal  fluid,®®  perspiration®®  (chart  3),  chyle,  ascitic 
fluid,  pleural  exudates  and  milk.  In  milk  it  plays  an 
important  role  in  supplying  needed  iodine  to  the  grow- 


Thret  Normal  Conlrob 
24  days 

Constant  regimen. 
Low  iodine  intake. 

Average  oj  12  BMV 
determinations  minuslX 

Average  of  12  blood  ioline 
delerminalions  43nicgy. 


Two  Non-Toxic  Nodular 
Qoiters  18  days 

Constant  regimen 
Low  iodine  intake 

Average  of  7  B  M  R. 
deterrainolions  minus  8X 

Average  of  7  blood  iodine 
determinations  5.0mcg,7. 
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Average  of  6  Three  day 

Periods  cf  Observation 


Average  of  6  Three  day 
Periods  of  Observation 


Two  Toxic  Nodular  Goiters 
15  days 

Constant  regimen 
Low  iodine  intake 

Average  of  5BMR 
determinations  plus  26% 

Average  5  blood  iodine 
determinations  8  5  meg*/. 


Average  of  5  Three  day 
Periods  of  Observation 


Three  Exophthalmic  Goiters 
33  days 

Constant  regimen. 

Low  iodine  intake. 

Average  of  9  B  M  R 
determinations  plus  40% 

Average  of  9  blood  iodine 
determinations  90mcg% 


Average  of  11  Three  day 
Periods  of  Observation 


Chap  3.  A  comparison  of  the  average  iodine  balance  of  three 
normal  persons  with  that  of  4  patients  with  nodular  goiter  and  3 
with  exophthalmic  goiter.  All  were  maintained  on  a  low  iodine  intake 
Reproduced  from  a  chart  that  appeared  originally  in  the  Journal  of 
(  linical  Investigation,  November  1938,  p.  734. 


Co'ter,'  S„rg  I08-  5?4  (Oc.  ,°‘'l9'3'8 

U.iiverlu"  f  O-bnVv-. 

Ch‘ir."S‘o'7:'?o^r%  f," 

58.  Klassen,  K.  P,;  Bierbaum,  R.  L.,  and  Curtis  P  \T  •  mi 
Comparative  Iodine  Content  of  thp  i  '' '  . 

J.  Lab.  &  Clin.  Med  25:  ^3  1940  “  Lerehrospinal  Fluid. 

Cole.  Versa  V.,  and  Cuhis  C  \P  200  (Sept.)  1934. 

Nutrition  10:493  (Nov.)  1935.  ’  "  "  Iodine  Balance,  J. 


142 


CURTIS  AND  PERTMAN 


ing  infant,  with  a  resultant  depletion  of  the  inotherd" 
If  iodine  feeding  is  essential  to  health,  it  is  even  more 
necessary  to  the  lactating  as  well  as  to  the  pregnant 
mammal.  The  loss  of  iodine  in  the  milk  results  in 
depletion  of  the  mother’s  iodine  reserve  with  an  ensuing 
negative  iodine  balance.  This  loss  should  be  com¬ 
pensated  by  a  sufficiently  large,  previously  built  up 
iodine  reserve  or  by  an  increased  intake.  Otherwise 
iodine  deficiency  goiter  may  develop.®®  Administration 
of  iodine  to  mammals  increases  the  milk  iodine.®^ 


GOITER  PROPHYLAXIS  BY  IODINE 
“The  results  of  iodine  treatment  of  goiter  have  been  so  suc¬ 
cessful  and  so  well  recognized  by  the  lay  public  that  they 
constitute  a  chapter  unique  in  the  history  of  nutrition.”  ®- 


Fortunate  was  the  empiricism  which  led  the  ancients 
to  use  burnt  sponge  or  seaweed  in  the  treatment  of 
goiter.  Iodine  was  then  unknown.  It  was  not  until 
the  year  1811  that  iodine  was  accidentally  discovered 
by  Courtois  as  a  by-product  resulting  from  the  use  of 
seaweed  in  preparing  war  materials  for  Napoleon. 
Within  a  few  years  Sir  Humphry  Davy  had  isolated 
iodine  from  sponges,  seaweed  and  other  forms  of 
marine  life.  Thence  followed  a  fruitful  century  of 
clinical  investigation,  extending  from  Straub  of  Berne 
to  Plummer  of  Rochester,  and  of  fundamental  experi¬ 
mental  researches  dating  from  Boussingault  of  Paris 
through  Chatin,  Baumann,  Kendall,  Marine,  von  Fel- 
lenberg  and  others  to  Harington  of  London. 

Today  iodine  prophylaxis  against  goiter  is  most 
widely  recognized,  while  iodized  salt  is  used  throughout 
the  entire  United  States,  even  on  Nantucket  Island 
and  in  the  Philippines.®®  The  extensive  and  increasing 
popularity  of  the  use  of  iodized  salt  obtained  an  original 
impetus  from  the  experiments  of  Marine  and  his 
co-workers  in  Akron,  Ohio. 
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Marine’s  significant  studies  on  the  prevention  ot 
goiter  were  made  on  a  large  group  of  schoolgiils. 
Approximately  one  half  voluntarily  received  sodium 
iodide  daily  in  a  0.2  Gm.  dose  distributed  over  a  period 
of  two  weeks  each  spring,  and  fall.  The  results  of  two 
and  one-half  years  of  observation  showed  that  of  the 
girls  who  had  no  goiter  at  the  beginning  of  the  test 
0.2  per  cent  of  the  2,190  receiving  iodine  developed 
enlarged  thyroid  glands,  while  21.5  ])er  cent  of  the 
2,305  who  did  not  receive  supplemental  iodine  developed 
goiter.  Of  the  girls  with  an  initial  thyroid  enlargement 
65.4  per  cent  of  1,182  who  received  iodine  showed  a 
reduction  in  the  size  of  the  thyroid  gland  at  the  end  of 
the  year,  in  contrast  to  the  13.8  per  cent  of  the  untreated 
1,048  who  showed  some  diminution  in  the  size  of  the 
goiter.®^  In  this  same  study  Marine  and  Kimball  point 
out  that  goiter  is  most  apt  to  develop  during  fetal  life, 
puberty  or  pregnancy. 

The  character  and  results  of  the  Ohio  demonstration 
stimulated  other  similar  efiforts  throughout  the  world, 
particularly  in  Switzerland,  Austria  and  Germany. 
Iodine  prophylaxis  in  Switzerland  brought  with  it  the 
steady  decline  year  by  year  of  cretinism,  such  an  impor¬ 
tant  economic  factor  to  the  Swiss.  The  institution  of 
iodized  salt  in  the  canton  of  Appenzell  in  1922  reduced 
enlarged  thyroid  glands  in  newborn  infants  from  an 
incidence  of  50  per  cent  to  almost  nothing.  The  con¬ 
sumption  of  iodized  salt  in  the  canton  of  Vaud.  as  a 
result  of  the  efiforts  of  the  Swiss  goiter  commission, 
brought  about  in  fifteen  years  a  decline  of  goiter  inci¬ 
dence  from  77  to  21  per  cent.®® 

The  Iodized  Salt  Committee  of  the  Michigan  State 
Aledical  Society  was  organized  in  1922.  Common  salt, 
iodized  to  contain  0.02  per  cent  of  sodium  iodide,  was 
subsequently  introduced  by  that  committee  in  coopera¬ 
tion  with  the  state  board  of  health  in  1924.  The  results 
of  its  consumption  were  convincing.  From  1924  to 
1935  there  ensued  a  75  to  90  per  cent  decrease  in  the 
incidence  of  goiter  in  those  counties  using  the  iodized 
salt.®®  The  incidence  of  goiter  operations  in  seven  laro-e 
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hospitals  in  southern  Michigan  dropped  from  1,452  in 
1927  to  591  in  19x53.  There  was  a  60  per  cent  decrease 
in  goiter  operations  as  compared  with  a  17  per  cent  all 
operation  decrease  during  the  corresponding  depression 
years. 

Iodine  supplementally  administered  in  the  form  of 
iodized  salt,  when  thus  extensively  used,  has  repeatedly 
]3roved  beneficial  in  the  prevention  of  goiter.  Its  cura¬ 
tive  effect,  however,  depends  on  the  character  of  the 
goiter  as  well  as  on  the  patient’s  age  at  the  time  of  insti¬ 
tution  of  iodine  treatment.  While  it  is  of  value  to 
patients  with  colloid  goiters,^  little  beneficial  change 
may  be  expected  in  older  patients  with  goiters  of  long 
standing  in  which  there  are  extensive  pathologic  altera¬ 
tions,  such  as  hemorrhage  with  resultant  cyst  forma¬ 
tion,  calcification,  vascular  degenerative  changes  and 
old  nodular  formations.®*  The  efficacy  of  iodine  prophy¬ 
laxis  is  greater  the  earlier  it  is  applied  and  decreases 
after  puberty.®  Consequently  it  would  seem  wisest  to 
commence  prophylaxis  even  before  the  time  of  concep¬ 
tion  and  to  maintain  it  throughout  the  pregnancy.  It 
should  be  continued  as  well  during  childhood  and  par¬ 
ticularly  through  the  menarche  in  young  girls.  This  can 
he  adequately  accomplished  in  iodine  deficient  goitrous 
regions  by  the  continued  use  of  iodized  salt.  Subse- 
cpient  to  the  nearly  worldwide  preventive  use  of  iodine 
a  general  decrease  in  the  incidence  of  goiter  has  ensued, 
particularly  in  Switzerland,  .\ustria,  Ciermany,  northern 
Italy,  the  United  States.  England.  New  Zealand. 
Poland,  Rumania.  Latvia  and  more  recently  in  other 
countries. 

PN'ident  microscopic  changes  ordinarily  occm  m 
hyperplastic  thyroids  subse([uent  to  the  administration 
of  su])plemental  iodine.  Rapid  involution  of  an  exist¬ 
ing  hvperplasia  may  he  induced;  moreover,  glandular 
hvpernlasia  of  the  residual  tissue,  even  after  extirpa¬ 
tion  of  as  much  as  three  fourths  of  the  thyroid,  can  be 
in-evented  by  the  administration  of  sufficient  iodine. 
Marine  and  Lenhart  even  maintain  that  a  hyperplastic 
gland  cannot  revert  to  the  colloid  state  without  the 
presence  of  a  necessary  minimum  of  iodine. _ 
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Despite  almost  worldwide  favorable  results,  thus 
empirically  substautiatiijg  the  basic  theory  behind  iodine 
iirophylaxis,  objections  have  been  repeatedly  raised,  in 
the  earlier  years  abroad  and  more  recently  in  the  United 
States,  to  the  preventive  use  of  supplemental  iodine. 
Principal  among  these  objections  has  been  the  haim 
which  iodine  might  cause  to  persons  with  overactive 
thyroid  glands  as  well  as  the  excitation  of  a  simple  or 
nodular  thyroid  enlargement  into  a  toxic  or  hyper¬ 
functioning  type.  The  basis  of  this  fear  of  jodbase- 
dow,”  or  iodine  induced  hyperthyroidism,  arose  as  early 
as  1820,  when  Coindet  treated  his  patients  with  exces¬ 
sive  amounts  of  iodine.®®  The  resultant  idea  has  devel¬ 
oped  along  with  the  subsecpient  progress  of  iodine 
prophylaxis.  It  has  been  a  natural  reaction  to  dangers 
inherent  in  pioneering  a  drug  whose  action  was  not 
fully  understood.  More  recent  exponents  of  the  basic 
theory  behind  “jodbasedow”  were  Theodore  Kocher 
and  his  successor  Fritz  de  Quervain.  In  1904  Kocher 
reported  that  patients  with  nodular  forms  of  goiter  may 
develop  thyrotoxicosis  when  treated  with  iodine ;  in 
1910  he  wrote  of  the  untoward  effects  of  iodine  in  toxic 
diffuse  goiter."®  In  1933  de  Quervain  listed  33  cases 
of  “jodbasedow”  observed  during  a  period  of  nine 
years. 

Convincing  proof  that  iodine  induced  hyperthyroid¬ 
ism  ordinarily  or  even  commonly  results  from  the 
administration  of  increased  amounts  of  iodine  to 
patients  with  goiter  is  lacking.  On  the  other  hand 
there  is  extensive  evidence  that  supplemental  iodine  is 
ordinarily  beneficial  in  the  preventive  treatment  of 
endemic  goiter.  Kimball  found  that  only  4  per  cent  of 
patients  with  goitrous  “adenomas”  later  developed 
hyperthyroidism  after  the  use  of  iodized  salt,  whereas 
56  per  cent  of  those  with  goitrous  “adenomas”  who 
used  no  iodized  salt  or  any  other  form  of  iodine  medi¬ 
cation  later  manifested  evidence  of  increased  thyroid 
activity."®  ^ 


69.  Coindet  J.  U.;  Decouverte  d’un  nouveau  reinede  centre  le 
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In  current  medical  practice  there  is  ordinarily  l)ut 
little  hesitancy  in  prescribing  relatively  large  amounts 
of  iodide  on  specific  indications,  for  example  in  the 
therapy  of  syphilis,  without  any  special  regard  to  the 
thyroid  and  its  activity.  Demonstrably  harmful  efifects 
as  a  result  of  increased  thyroid  function  are  not 
expected  and  are  rarely  encountered,  especially  if 
patients  with  thyroid  abnormalities  are  excluded.®^ 
However,  symptoms  of  iodism,  ranging  from  a  mild 
coryza  or  a  moderate  acne  to  a  severe  dermatitis  even 
with  high  fever,  are  known  to  occur  subsequent  to  the 
administration  of  iodides.®® 

No  ill  results  should  be  anticipated  from  the  wide¬ 
spread  use  of  iodides  in  the  minute  concentrations  in 
which  they  occur  in  iodized  salt.  The  development  of 
iodism,  subsequent  to  the  continued  use  of  iodized  salt 
alone,  has  even  been  questioned.^®  Nor  is  iodism  subse¬ 
quent  to  the  consumption  of  diets  rich  in  iodine- 
containing  foods  recorded  in  the  literature. 


IODINE  PROPHYLAXIS  IN  ANIMALS 


Breeding  difficulties  among  domestic  animals  long 
existed  in  varying  degrees  throughout  the  goiter  areas 
of  the  United  States.^®  A  practical  solution  of  this 
threat  to  the  health  of  our  country’s  live  stock  was 
found  in  the  administration  of  iodine.  As  early  as 
1907  iodine-containing  salts  were  fed  to  Michigan 
sheep  in  order  to  prevent  the  high  death  rate  ordinarily 
occurring  among  the  newborn."®  In  1916  Montana, 
faced  with  a  high  mortality  among  its  live  stock,  as 
well  as  with  the  development  of  goiter  and  underfunc¬ 
tioning  thyroids,  instituted  similar  therapy  with  con¬ 
siderable  success."'  At  the  University  of  Wisconsin 
Farms,  since  the  introduction  of  iodized  salt  in  1920, 
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there  has  not  been  an  instance  of  goiter  among  the 
domestic  animals,  including  sheep,  swine,  colts  or 
calves.®® 

Iodine  prophylaxis  of  iodine  deficiency  disease  among 
animals,  or  “fetal  athyrosis,”  as  it  is  designated,  has 
spread  to  various  other  states  and  provinces.  Minne¬ 
sota,  North  and  South  Dakota,  Wyoming,  Washington, 
Idaho,  southern  Alberta  and  British  Columbia  have 
similarly  used  iodine  preventively.^® 


IODINE  AND  THE  GENERAL  HEALTH 


Sufficient  iodine  is  requisite  for  normal  growth.®  As 
early  as  1895  it  was  demonstrated  that  growth  may  be 
induced  even  in  certain  cretins  by  the  administration  of 
dried  thyroid.  A  similar  effect  may  he  demonstrated 
in  certain  children,  living  in  iodine  deficient  areas  and 
not  receiving  supplemental  iodine,  who  have  failed  to 
grow  normally  because  of  lesser  degrees  of  hypothy¬ 
roidism.  These  children  may  also  manifest  various 
other  symptoms  subsequent  to  varying  severity  of  the 
hypothyroidism.'^® 

Topper  and  Cohen  record  that  the  administration  of 
desiccated  thyroid  to  normal  children,  as  well  as  to 
children  presenting  evidence  of  hypothyroidism,  resulted 
in  definite  growth  acceleration  in  both  groups.®®  Swiss 
statistics  show  that  boys  receiving  iodine  grew  on  the 
average  7  mm.  more  than  untreated  boys  and  put  on 
200  Gm.  more  of  weight.  The  mean  weight  at  birth  of 
infants  whose  mothers  were  receiving  iodized  salt  was 
100  Gm.  greater  than  that  of  control  infants.® 

Hunziker  reported  that  the  average  height  of  Swiss 
recruits  was  significantly  greater  from  1908  to  1912 
than  during  the  period  from  1884  to  1891.  He  con¬ 
cluded  that  supplemental  iodine  was  partly  responsible 
for  this  increase  in  stature.  Moreover,  he  found  the 
average  height  inversely  proportional  to  the  incidence 
of  goiter  in  the  sections  from  which  the  recruits  came.®^ 
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deeding  milk  with  an  increased  iodine  content  to  chil¬ 
dren  living  in  a  region  of  high  goiter  incidence  resulted 
in  more  rapid  and  regular  growth  and  development. 
Children  with  debility  or  those  who  revealed  slow  devel¬ 
opment,  failure  to  gain  weight  or  retarded  growth 
showed  subsequent  steady  improvement.®^  Adminis¬ 
tration  of  optimal  amounts  of  iodine  to  nursing  animals 
accelerated  the  rate  of  growth  and  weight  of  their 
young.®®  Direct  iodine  administration  to  the  young  was 
likewise  beneficial. ®‘‘ 

The  favorable  elTect  of  iodine  on  the  growth  of 
vertebrates  may  he  direct  or  indirect.  It  appears 
more  likely  that  iodine  acts  indirectly  by  supplying  the 
necessary  constituent  for  normal  thyroid  secretion  and 
thus  permitting  the  gland  to  exert  its  usual  function. 
Excessive  thyroid  secretion  limits  growth  and  may 
result  in  abnormal  development.® 


THE  HUMAN  REQUIREMENT  OF  IODINE 


The  human  organism  thus  has  a  definite  nutritive 
requirement  for  iodine.  The  supply  necessary  to  answer 
this  demand  should  he  sufficient  to  meet  the  daily  losses 


by  excretion  and  to  maintain  within  the  body  such  a 
reserve  as  may  he  needed  in  the  manufacture  and  distri¬ 
bution  to  the  l)ody  of  sufficient  thyroid  hormone.  The 
amount  of  iodine  intake,  however,  is  not  always  equal 
to  the  physiologic  needs.  Elmer  points  out  the  con¬ 
trast  with  the  organism’s  chlorine  requirement  which 
is  associated  with  the  sensation  of  taste. The  funda¬ 
mental  question  consequently  arises :  how  much  supple¬ 
mental  iodine  should  he  supplied  in  goitrous  areas  to 
])rotect  the  people  and  live  stock  from  the  effects  of 
iodine  deficiency?  Thus  far,  three  methods  have  been 
devised  in  attempts  to  answer  tins  question: 

By  the  geographic  method  the  iodine  intake  of  the 
inhabitants  of  goiter  free  areas  is  determined  and  com¬ 
pared  with  that  of  goitrous  areas  of  varying  degrees, 
d'he  difference  in  the  amount  of  iodine  intake  is  then 
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regarded  as  the  amount  of  sui)plemental  iodine  required. 
According  to  von  Fellenberg  s  estimate  the  annual 
iodine  intake  in  one  goitrous  and  one  practically  goitei 
free  area  in  Switzerland  was  4.7  and  11.4  mg.  lespec- 
tively.®"  Calculating  from  this,  the  iodine  requirement 
is  less  than  20  micrograms  daily,  a  figure  now  regarded 
as  unusually  low.  Based  upon  a  survey  of  the  aveiage 
dailv  urinary  loss  of  iodine,  which  is  an  unusually 
accurate  barometer  of  the  iodine  intake  of  a  given  area, 
the  daily  iodine  requirement  would  lie  somewhere 
between  100  and  200  micrograms.'*® 

The  principle  of  thyroxin  joriiiation  and  decay  was 
originally  outlined  by  Plummer  and  Boothby  and 
subsequently  developed  by  \V.  O.  Thompson  and  his 
associates.®'  Plummet-  and  Boothby  found  that  the 
daily  rate  of  thyroxin  decay  ranges  between  0.2  and 
0.4  mg.  Thus,  this  daily  supply  of  thyroxin  main¬ 
tained  a  normal  ba.sal  metabolic  rate  in  a  totally  myxe¬ 
dematous  patient.  Thompson  and  his  group  concluded 
that  from  0.3  to  0.4  mg.  of  thyroxin  was  necessary  to 
maintain  a  normal  basal  metabolic  rate  in  myxedema¬ 
tous  patients  at  bed  rest.  On  the  basis  of  these  results 
the  amount  of  thyroxin  supplied  daily  by  the  thyroid  to 
the  circulation  in  order  to  maintain  normal  metabolic 
activity  is  equivalent  to  from  130  to  260  micrograms  of 
iodine.  The  uncertain  factor  here,  however,  is  that 
iodine-containing  end  products  of  thyroxin  decay  may 
be  retained  and  eventually  reutilized  by  the  thyroid 
gland  in  the  further  synthesis  of  thyroid  hormone. 


Total  iodine  balance  studies  constitute  the  third 
principle  which  has  been  employed.  The  iodine  balance 
represents  the  daily  amount  of  iodine  lost  or  retained  by 
the  body,  as  ascertained  by  the  difference  in  the  amount 
of  iodine  intake  and  excretion.  Pioneer  iodine  balance 
determinations  were  accomplished  by  von  Fellenberg. 
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who  reported  low  values  and  consequently  a  low  daily 
requirement. The  balance  studies  of  Scheffer  made 
in  Pecs,  Hungary,  revealed  that  54  micrograms  of  daily 
iodine  intake  was  sufficient  to  maintain  a  normal  indi¬ 
vidual  in  iodine  balance.®® 

Ohio  State  University  studies  were  made  on  normal 
individuals  maintained  at  bed  rest  on  a  monotonous  diet 
under  controlled  hospital  conditions  (charts  1,  2  and  3). 
Under  these  circurtistances  the  basal  human  adult  iodine 
requirement  was  found  to  range  from  44  to  75  micro¬ 
grams  daily  and  to  average  67  micrograms,  or  approxi¬ 
mately  1  microgram  per  kilogram  of  body  weight.®” 
This  average  daily  requirement  is  comparable  to  that 
determined  by  Scheffer.  However,  it  should  be  empha¬ 
sized  that  it  applies  to  adults  maintained  under  con¬ 
trolled  basal  conditions.  Moreover,  to  arrive  at  an 
optimal  iodine  requirement,  it  is  necessary  to  take  into 
account  individual  activity  as  well  as  the  varied  stress 
and  strain  of  existence. 

After  consideration  of  the  difference  in  iodine  intake 


between  goitrous  and  nongoitrous  regions,  as  well  as 
the  amount  estimated  as  necessary  to  maintain  normal 
metabolic  activity,  2  micrograms  daily  per  kilogram  of 
body  weight,  together  with  the  daily  basal  requirement 
of  1  microgram,  can  be  reasonably  justified  as  an 
amount  sufficient  to  account  for  basal  needs,  those  of 
ordinary  activities  and  also  some  for  reserve.  The 
optimal  daily  requirement  would  thus  be  somewhere 
near  200  micrograms  for  the  70  Kg.  adult,  a  value  cony 
patible  with  Elmer’s  deduction  from  various  investi¬ 
gations  that  the  human  optimal  requirement  ranges 
between  100  and  200  micrograms  daily.-^  The  preg¬ 
nant  woman  should  receive  additional  iodine.”” 

Various  methods  of  supplying  supplemental  iodine  to 
the  inhabitants  of  iodine  deficient  areas  have  been 
advanced.  These  include  the  use  of  foods  known  to 
be  rich  in  iodine,  iodinization  of  water  supplies,  admin¬ 
istration  of  iodine  at  regular  intervals  in  the  form  of 
solutions  or  tablets,  the  general  use  of  iodized  salt  and 
the  consumption  of  iodized  milk. 
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The  use  of  iodized  salt  lias  thus  far  proved  the  most 
widely  adopted  method.  The  nearly  universal  employ¬ 
ment  of  common  salt  for  seasoning  and  cooking  as  well 
as  the  ready  preparation  and  low  cost  of  iodized  salt 
makes  this  a  popular  method.  The  use  of  milk  with  an 
increased  iodine  content  has  also  been  suggested  as 
suitable,  especially  for  children  who  ordinarily  con¬ 
sume  relatively  large  quantities.®^  Effective  iodine 
prophylaxis,  however,  should  also  conform  to  local 
conditions,  since  no  single  method  will  reach  all  those 
individuals  who  need  iodine.®^ 

On  June  14,  1941  the  National  Study  Committee  on 
Endemic  Goiter,  meeting  in  Detroit,  resolved  that : 

On  the  basis  of  past  experience  in  Michigan  and  taking  into 
consideration  more  recent  laboratory  research,  the  committee 
recommends  that  for  the  prevention  of  endemic  goiter  the 
content  of  potassium  iodide  in  table  salt  and  salt  for  domestic 
animals  should  be  0.01  of  1  per  cent,  provided  that  an  effective 
stabilizer  be  used.®® 


The  iodized  salt  originally  recommended  in  1924  by 
the  Michigan  State  Medical  Society  in  conjunction 
with  the  state  board  of  health,  and  since  employed  in 
Michigan  with  such  outstanding  results,  originally  con¬ 
tained  0.02  per  cent  of  sodium  iodide,  or  more  than 
twice  the  amount  of  iodine  recently  recommended  by 
the  National  Study  Committee  on  Endemic  Goiter.® 
However,  after  careful  consideration  the  committee 
reached  the  conclusion  that  the  addition  of  0.01  per  cent 
of  potassium  iodide  plus  a  stabilizer  should  be  sufficient. 
The  importance  of  a  stabilizer  was  emphasized  in  view 
of  previous  experience  that  iodine  may  be  lost  from 
iodized  salt  and  thus  impart  a  yellow  color  and  halogen 
odor  due  to  the  liberation  of  elemental  iodine. 

It  has  been  estimated  that  the  average  adult  ingests 
about  6.2  Gm.  of  salt  daily.  Calculated  on  this  basis,  the 
approximate  amount  of  potassium  iodide  intake  would 
be  620  micrograms,  which  is  equivalent  to  about  474 
micrograms  of  iodine.  1  his  is  more  than  twice  the 
amount  we  have  suggested  as  optimal  and  would  amply 
provide  a.  person  with  a  sufficient  reserve. 

The  widespread  prevention  of  endemic  goiter  and  its 
sequelae  will  depend  not  only  on  the  preiiaration  and 
consumption  of  an  adequate  iodized  salt  but  also  on  the 
persistent  education  of  the  public  to  its  necessity. 


91.  Meyer.io  Weston."< 
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“I  am  sure  you  are  aware  that,  iu  spite  of  the  notable  con¬ 
tributions  of  Michigan  and  the  organization  of  similar  practices 
in  a  few  other  states,  there  are  still  a  good  many  states  in  the 
country  where  goiter  is  a  problem  with  a  portion  of  the  popu¬ 
lation,  where  no  thought  is  given  to  it,  where  there  is  no  state 
health  policy  and  no  professional  medical  attitude,  and  where 
endemic  goiter  prevails,  and  in  a  severe  form.  Our  interest 
in  the  American  Public  Health  Association  is  to  get  the  facts 
so  authoritatively  expressed  and  accepted  that  there  can  be  no 
escape  from  the  responsibility  of  the  health  officers  to  make 
effective  all  useful  methods  of  goiter  prevention.  .  .  .”  (Dr. 

Haven  Emerson).*'^ 

Under  ever  increasing  demands  of  wartime  effort 
and  production  each  individual  should  have,  to  thrive 
and  function  at  his  best,  among  other  important  ele¬ 
ments  an  adecpiate  supply  of  iodine.  For  iodine,  not 
only  a  nutritional  necessity  in  the  prevention  of  goiter, 
plays  an  important  role  in  the  general  well-being  of  all 
mammals.  The  increased  physical  activity  and  emo¬ 
tional  stress  occurring  in  our  struggle  for  survival  put 
greatly  increased  demands  on  the  human  l)ody.  Thus 
the  optimal  activity  essential  for  any  all  inclusive  war 
eff'ort  cannot  he  maintained  without  a  sufficient  supply 
of  i(<dine. 


CHAPTER  IX 


THE  TRACE  ELEMENTS  IN 
NUTRITION 
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The  many  mineral  elements  which  exist  in  animal 
tissues  occur  in  widely  varying  amounts.  They  range 
from  calcium,  which  comprises  approximately  2  per 
cent  of  the  adult  human  body  weight  and  which  can 
he  expressed  in  kilograms,  down  to  those  which  we 
must  measure  in  milligrams  and  even  micrograms,  and 
which  have  been  termed  “trace  elements.”  The  dividing 
line  between  trace  and  non-trace  elements  is  purely 
arbitrary  and  a  matter  of  choice.  Some  nutritionists  ’ 
include  in  the  former  category  any  element  occurring 
in  the  tissues  or  nutritionally  necessary  in  amounts 
equal  to  and  less  than  iron,  but  others  -  consider  only 
those  elements  below  iron. 


Presaging  the  point  of  view  that  traces  of  minerals 
might  exert  profound  and  specialized  physiologic  effects 
were  the  discoveries  that  iodine  occurs  in  the  thyroid,-' 
copper  in  octopus  blood  and  in  the  hemocyanin  of 
Crustacea,®  zinc  in  the  hemosycotopin  of  oysters,®  vana¬ 
dium  in  the  blood  jugment  of  the  sea  squirt  ^  and 
manganese  in  the  hlood  of  the  mollusk  Pinna  sciuamosa.® 
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Nevertheless,  with  the  exceptions  of  iron  and  iodine 
little  physiologic  significance  was  attached  to  the  others 
of  the  trace  elements  until  comparatively  recently. 
Beginning  with  the  investigations  on  their  distribution, 
especially  those  of  Bertrand  in  France,  the  importance 
of  the  trace  elements  has  come  to  be  realized,  primarily 
through  the  study  of  experimental  animals  on  purified 
diets  and  through  the  work  on  diseases  of  live  stock. 

1  he  importance  of  iron,  copper  and  iodine,  the  trace 
elements  first  demonstrated  to  be  essential,  has  been 
discussed  in  previous  papers.  Knowledge  of  the  mode 
of  action  of  these  three  elements  and  of  those  discussed 
here  indicates  that  the  role  of  “traces”  is  one  of  par¬ 
ticipation  in  the  activities  of  hormones  and  enzymes, 
a  role,  in  all  probability,  analogous  to  that  of  the  vita¬ 
mins.  These  elements  are  of  importance  nutritionally 
because  optimum  physiologic  activity  requires  certain 
of  them,  at  least,  in  proper  amounts.  Biologic  relation¬ 
ships  are  such  that  lack  of  the  essential  “traces”  results 
in  deficiency  symptoms,  while  excesses  result  in  toxic 
symptoms. 

To  date  at  least  twenty  trace  elements  other  than 
iron,  copper  and  iodine  have  been  reported  to  occur, 
many  not  consistently,  in  animal  tissues  and  milk.®  We 
shall  discuss  the  elements  which  we  consider  of  prin¬ 
cipal  nutritional  interest  at  this  time,  namely  manganese, 
cobalt,  zinc,  fluorine,  selenium,  boron  and  aluminum. 


MANGANESE 


Conclusive  evidence  for  the  essential  nature  of  man¬ 
ganese  for  animals  was  first  demonstrated  in  1931.*® 
Although  earlier  investigators  **  claimed  that  they  had 
shown  this  fact,  their  results  were  not  conclusive. 
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Orent  and  McCollum  found  that  male  rats  reared 
from  weaning  on  a  diet  adequate  except  for  manganese 
developed  sterility  and  testicular  degeneration  after 
ninety  days.  Females  on  the  same  diet  delivered  young 
which  survived  but  a  short  while;  in  addition  they 
failed  to  suckle  normal  stock  young.  Hemoglobin 
regeneration,  estrus  and  growth  were  not  affected  by 
the  deficiency. 

Wdien  mice  were  reared  on  a  manganese  low  diet 
consisting  of  whole  milk  supplemented  with  iron  and 
copper,  decreased  growth  and  an  abnormal  estrus  cycle 
resulted.^® 

Daniels  and  Everson  “  fed  a  manganese  deficient 
mineralized  milk  diet  to  rats  and  confirmed  the  fact 
that  the  females  produced  nonviable  young.  However, 
their  findings  differed  from  those  of  Orent  and  McCol¬ 
lum  in  that  the  deficient  females  suckled  normal 
foster  young. 

Recently  we  found  that  manganese  is  essential  for 
the  normal  growth  of  the  rat.  The  symptoms  of  defi¬ 
ciency  in  the  female’s  production  of  nonviable  young 
can  be  cured  as  well  as  prevented  by  manganese.  In 
accord  with  the  findings  of  Daniels  and  Everson 
the  deficient  females,  while  losing  their  own  young, 
could  suckle  normal  foster  young.  The  few  young 
which  did  survive  to  weaning  uniformly  showed  weak¬ 
ness  and  incoordination  most  pronounced  in  the  third 
week  of  life,  with  poor  growth  and  poor  equilibration 
persisting  throughout  life.  Manganese  is  needed  for 
the  proper  development  of  other  functions  in  addition 
to  the  reproductive.  Boyer  and  co-workers  have 
likewise  found  that  manganese  is  essential  for  growth 
in  the  rat.  Using  a  mineralized  milk  diet  they  observed 
the  symptoms  obtained  in  mice  on  a  similar  diet 
and  in  addition,  a  marked  delay  in  the  opening  of  the 
vaginal  orifice. 
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The  differing  findings  of  the  Hopkins  and  Wisconsin 
workers  on  the  reproductive  ability  of  the  deficient  rats 
and  mice  is  probably  explained  on  the  basis  of  differ¬ 
ences  in  the  magnesium  content  of  the  diets  used. 
Purified  diets  have  not  yet  been  brought  as  low  as 
whole  milk  in  manganese  content.  If  this  is  true,  then 
different  symptoms  occur  at  different  levels  of  intake. 
It  is  possible  that  unknown  dietary  relationships  might 
also  have  caused  the  differences. 

1  he  species  differences  in  deficiency  symptoms  and 
requirement,  of  which  we  are  well  aware  in  the  case 
of  the  vitamins,  extends  to  the  trace  elements.  Inves¬ 
tigations  of  manganese  deficiency  in  chickens  have 
resulted  in  knowledge  of  practical  importance.  The 
requirements  of  this  species  are  much  higher  than  those 
of  any  mammal  studied  and  the  most  manifest  symp¬ 
toms  are  different.  Manganese  has  been  shown  to 
])revent  the  development  of  an  osteodystrophy  of  chick¬ 
ens  called  perosis.  The  symptoms  are  enlargement  of 
the  tihial-metatarsal  joint,  twisting  and  bending  of  the 
distal  end  of  the  tibia  and  of  the  proximal  end  of 
the  tarsometatarsus  and  slipping  of  the  gastrocnemius 
tendon  from  its  condyles,  resulting  in  severe  crippling. 
The  deficient  chicks  have  shortened  leg  hones  and 
vertebral  columns.^® 

It  has  long  been  known  that  excess  calcium  and 
])hosphorus  in  the  diet  intensify  perosis  and  that  injected 
manganese  is  more  efficiently  utilized  than  that  given 
orally.  In  vitro  and  in  vivo  experiments  have  helped 
explain  these  observations  by  showing  that  manganese 
is  removed  from  solution  by  insoluble  calcium  phosphate 
or  by  ferric  hydroxide  and  so  rendered  unavailable. 

The  chick  embryo,  like  that  of  the  rat,  requires 
manganese  for  normal  develojMiient.  Lyons  and  Insko 
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observed  a  very  low  hatchability  of  eggs  of  deficient 
hens;  the  embryos  which  developed  sufficiently  were 
chondrodystrophic  and  the  few  which  hatched  also  had 
shortened  leg  and  wing  bones  (micromelia).  Injection 
of  manganese  into  the  eggs  prior  to  incubation  i  esiilted 
in  normal  development.  Caskey  and  Norris")  have 
observed  an  ataxia  accompanying  the  micromelia. 

I'he  fact  that  only  slight  differences  in  manganese 
content  are  found  'between  the  decidedly  different 
bones  and  egg  shells  --  of  normal  and  manganese 
deficient  chickens  is  indication  that  probably  manganese 
plays  some  indirect  or  catalytic  role  in  calcium  and 
phosphorus  metabolism.  The  possibility  of  manganese 
deficiency  as  a  factor  in  producing  bone  abnormality 
in  rats  and  lameness  in  pigs  has  been  pointed  out. 

The  specificity  of  uianganese  as  the  inorganic  factor 
preventing  perosis  has  been  demonstrated."^  However, 
the  discovery  that  deficiencies  of  choline  and  of 
biotin  result  in  perosis  in  fowl  is  an  indication  that 
there  are  other  factors  necessary  to  prevent  abnormal 
bone  metabolism  resulting  in  perosis.  Perotic  malforma¬ 
tion  may  occur  as  a  result  of  stress  and  strain  on  the 
retarded  and  abnormal  bones  of  the  deficient  animal. 

It  is  suggested that  the  symptoms  of  “slipped 
epiphyses”  in  children  resemble  those  of  perosis. 
Biochemical  and  histologic  comparisons  of  these  bone 
abnormalities  would  be  of  interest. 
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A  relationshi])  between  manganese  and  thiamine  has 
been  postulated. Large  amounts  of  thiamine  or  man¬ 
ganese  given  to  rats  caused  reproduction  and  lactation 
failures  which  could  be  prevented  by  increasing  the 
intake  of  the  other  of  the  two  substances.^*  In  addition, 
rats  on  a  thiamine  low  diet  receiving  excess  manganese 
were  more  quickly  depleted  than  those  not  receiving 
it.2®  The  implications  of  the  work  merit  its  being 
repeated. 

That  the  need  for  manganese  is  widespread  is  indi¬ 
cated  by  the  fact  that,  in  addition  to  the  animal  species 
already  discussed,  it  has  been  found  essential  for 
plants,*^  including  fungi  and  several  bacteria.*^ 

There  is  no  definite  information  about  the  human 
requirements  for  manganese  nor  is  there  evidence  of 
deficiency  ever  occurring  in  man.  Everson  and  Dan¬ 
iels,**  on  the  basis  of  balance  studies,  suggest  that 
the  diet  of  preschool  age  children  should  contain 
between  0.20  and  0.30  mg.  of  manganese  per  kilogram 
of  body  weight ;  retention  in  children  8  to  12  years  of 
age  was  only  0.02  ±  0.22  mg.  daily.*^  Approximately 
4  mg.  is  found  in  the  daily  adult  human  diet  **  and 
substantially  equivalent  amounts  are  excreted.  The 
manganese  content  of  various  foods  has  been  deter¬ 
mined,  and  it  is  apparent  that  plant  foodstuffs  are  the 
chief  source  in  the  diet.**  It  occurs  regularly  in  the 
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tissues  of  animals,  with  liver  containing  the  greatest 
amount.®^  There  is  a  great  rise  in  the  percentage  of 
manganese  in  the  human  fetal  liver  during  the  last 
months  of  pregnancy.®® 

After  oral,  subcutaneous  or  intraperitoneal  admin¬ 
istration,  manganese  is  excreted  almost  entirely  in  the 
feces  with  only  small  amounts  being  excreted  in  the 
urine.®® 

After  the  necessity  for  copper  as  a  complement  to 
iron  in  hemoglobin  formation  had  been  established,^® 
a  controversy  arose  as  to  whether  certain  other  elements 
could  replace  copper  in  this  important  function.  Some 
investigators  have  claimed  that  manganese  could, 
but  today  the  evidence  to  the  contrary  is  quite  con¬ 
clusive.^® 

Acute  and  chronic  manganese  poisoning  in  man  and 
experimental  animals  has  been  reviewed.^® 

Manganese  and  Enzyme  Activity. — Since  Bertrand 
in  1897  first  implicated  manganese  (erroneously,  as 
we  now  know  ‘‘®)  as  the  activator  of  the  oxidase  laccase, 
this  element  has  been  found  to  activate  a  number  of 
enzymes. 

Of  particular  interest  is  the  observation  of  Wiese 
and  his  co-workers  that  manganese  deficient  chicks 
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with  ])erosis  liave  a  lower  blood  and  bone  ])hosphatase 
activity  than  normal  birds  and  that  the  decrease  in 
phosphatase  activity  precedes  the  appearance  of  perotic 
symptoms.  This  decreased  activity  may  be  due  not 
only  to  decreased  manganese  concentration  but  also  to 
an  actual  decrease  in  the  amount  of  enzyme  present. 

In  in  vitro  experiments  manganese  has  been  found 
to  activate  not  only  blood  and  bone  phosphatases  but 
also  the  phosphatases  in  liver/®  yeast/®  intestine  and 
kidney  and,  although  other  divalent  ions  (magne¬ 
sium,  cobalt  and  iron)  also  activate  phosphatases,  they 
are  not  as  effective  in  most  cases  as  manganese. 

Another  enzyme  with  which  manganese  has  been 
implicated  is  arginase,  which  is  accepted  as  ])laying 
an  important  role  in  the  formation  of  urea.®^  The 
strong  activating  effect  of  manganese  on  this  enzyme 
led  Edlbacher  and  Pindsch  to  postulate  that  it  is 
a  protein-manganese  complex.  Richards  and  Heller- 
man  have  given  more  definite  evidence  for  the  possi¬ 
bility  that  manganese  is  the  physiologic  activating  ion, 
although  cobalt  and  nickel  can  produce  high  activity 
in  vitro.  The  evidence  for  the  in  vivo  activity  of 
manganese  has  been  strengthened  by  the  demonstration 
of  a  decrease  in  the  arginase  activity  of  manganese 
deficient  rats.®®’* 

Among  the  other  enzymes  whose  activity  increases 
with  the  addition  of  manganous  ions  are  (a)  phospho- 
glucomutase  ( which  causes  a  transfer  of  phosphate 
from  carl)on  atom  1  of  glucose-l-phosphate  to  carbon 
atom  6  in  carbohydrate  metabolism,  (b)  intestinal 
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peptidases, (c)  cholinesterase,^  {d)  cozymase,”  (e) 
isocitric  dehydrogenase®®  (which  catalyzes  the  leac- 
tion :  isocitric  acid  to  a  ketoglutaric  acid)  and  (/)  yeast 
and  animal  carboxylase,®®  which  contain  diphosphothia- 
mine.  In  yeast  carboxylase,  magnesium  appears  to  be 
the  naturally  occurring  activating  ion,  but  in  vitro 
manganese  can  quantitatively  replace  it.  (^7)  The 
adenosinetriphosphatase  activity  of  the  muscle  protein, 
myosin  ®®“  has  been  found  to  be  activated  strongly  by 
calcium  and  manganese.®®’’  All  the  enzymes  listed  are 
activated  in  vitro  by  one  or  more  divalent  ions  in  addi¬ 
tion  to  manganese.  The  determination  of  the  naturally 
activating  metallic  ion  or  ions  and  the  manner  of  their 
action  may  be  of  value. 

Rudra  has  found  the  presence  of  manganese  neces¬ 
sary  for  the  in  vitro  and  in  vivo  synthesis  of  a  reducing 
substance,  presumably  ascorbic  acid,  by  rats  and  guinea 
pigs  and  their  tissues.  As  yet  there  are  no  reports 
of  scorbutic  symptoms  in  animals  on  manganese  low 
diets.®^  Furthermore,  it  has  been  found  that  in  man¬ 
ganese  deficiency  in  the  rat  there  is  no  lowering  of  the 
ascorbic  acid  content  of  various  tissues ;  ’®®  Rudra’s 
findings  were  not  substantiated.’®® 


COBALT 

Our  present  knowledge  of  cobalt  indicates  that  it  is 
essential  for  at  least  several  animal  species  and  occurs 
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in  both  plant  and  animal  tissues  in  very  small  amounts.®^ 
Its  distribution  in  animal  tissues  has  been  recently 
determined  again  by  the  use  of  the  radioactive  form 
and  confirmatory  evidence  obtained  that  it  occurs  in 
highest  concentrations  in  glandular  organs,  especially 
the  pancreas,  liver,  spleen  and  kidneys.  Absorbed  or 
injected  cobalt,  unlike  manganese,  is  excreted  in  the 
urine,  but  the  greater  part  of  ingested  cobalt  is  not 
absorbed.®® 

Bertrand,®®  on  finding  that  the  pancreas  is  relatively 
high  in  cobalt  and  nickel,  suggested  that  these  metals 
might  be  connected  with  the  synthesis  of  insulin.  He 
claimed  a  prolongation  of  insulin  hypoglycemia  on 
injection  of  cobalt;  nickel  had  less  effect.  This  effect 
of  cobalt  has  not  been  confirmed.®^  Nickel  has  more 
recently  been  found  to  delay  insulin  hypoglycemia.®® 
However,  a  number  of  metal  salts  have  been  found  to 
influence  the  onset  and  extent  of  insulin  hypoglycemia, 
notably  zinc,  so  that  such  action  is  not  specific. 

A  peculiar  property  of  cobalt  (in  either  metallic  or 
ionic  form)  is  its  ability  to  produce  a  polycythemia 
when  ingested  or  injected.®®  This  cobalt  polycythemia 
has  been  produced  in  rats,  mice,  guinea  pigs,  rabbits, 
dogs,  pigs,  chickens  and  frogs.  Indicative  of  the  small 
concentrations  in  which  cobalt  acts  is  the  fact  that 
0.04  to  0.05  mg.  in  the  entire  body  of  a  rat  is  sufficient 
to  produce  i3olycythemia.'^®  It  is  a  true  polycythemia 
with  an  increased  blood  volume  resulting  from  the 
increase  in  red  blood  cells  and  with  little  alteration 
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in  the  total  and  cliflferential  leukocyte  counts/^  The 
action  of  cobalt  appears  to  be  on  the  erythropoietic 
centers,  since  hyperplasia  and  stimulation  of  the 
erythrogenic  precursors  in  the  bone  marrow  and 
an  initial  increase  in  reticulocytes  have  been  observed 
following  its  administration.  The  spleen  plays  no 
essential  role  in  the  phenomenon.  The  polycythemia 
has  been  maintained  for  months  in  dogs  and  rats.'^® 
Ascorbic  acid  can  prevent  or  reduce  the  polycythemia 
of  cobalt  in  rabbits  and  dogs  but  has  no  effect  on 
that  produced  by  anoxia.'^®  Liver,  choline  and  certain 
vasodilator  drugs  have  also  been  found  effective  in 
reducing  the  level  of  cobalt  polycythemia  in  dogs.^® 
When  fed  to  rats,  liver  did  not  reduce  cobalt  polycythe¬ 
mia  but,  on  the  contrary,  increased  it.'^® 

The  interesting  observation  has  been  made  recently 
that  the  sulfur  containing  amino  acids,  methionine, 
cystine  and  cysteine,  particularly  the  latter,  prevent  the 
toxic  effects  induced  l)y  cobalt  and  nickel  administra¬ 
tion.^®® 


Frost  and  his  collaborators  have  found  that  the 
polycythemia  of  adult  dogs  on  a  mineralized  milk  diet 
supplemented  with  cobalt  is  only  temporary ;  in  young 
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clogs  cobalt  has  more  toxic  effect  with  little  influence 
on  the  blood  picture. 

Copper  deficient  rats  fail  to  develop  polycythemia 
when  fed  cobalt.^®  Schultze  has  shown  that  cyto¬ 
chrome  oxidase  activity  is  diminished  in  copper  defi¬ 
cient  rats  and  fails  to  respond  to  cobalt  alone,  whereas 
the  feeding  of  cobalt  to  animals  receiving  copper  causes 
a  rapid  increase  in  the  cytochrome  oxidase  activity 
in  the  bone  marrow. 

The  knowledge  that  cobalt  is  a  biologic  essential  is 
the  result  of  research  carried  out  in  Australia  and 
New  Zealand.  The  story  of  this  work  has  been 
reviewed  in  some  detail  recently ;  consequently,  only 
a  brief  summary  is  needed  here. 

In  certain  parts  of  the  world  cattle  and  sheep  have 
been  afflicted  for  long  periods  with  a  disease  manifested 
by  progressive  emaciation  and  anemia.  Western 
Australia  has  had  its  “Denmark  disease”  or  enzootic 
marasmus.  South  Australia  its  “coast  disease,”  New 
Zealand  its  “bush  sickness,”  Scotland  its  “pine  disease,” 
Kenya  its  “nakruitis”  and  Florida  its  “salt  sickness.” 

Deficiency  of  iron  had  been  regarded  as  the  cause 
of  all  these  diseases  for  some  years,  but  in  1933  this 
view  was  questioned  because  of  the  unevenness_  in 
response  to  various  iron  compounds.  In  addition, 
Underwood®*  in  1934  discovered  that  the  livers  and 
spleens  of  affected  animals  contained  excessive  amounts 
of  iron,  hardly  a  condition  associated  with  deficient  iron 
intake.’  The  iron  deficiency  theory  was  completely  dis¬ 
credited  by  Filmer  and  Underwood,®®  who  demonstrated 
that  by  using  an  iron  free  extract  of  limonite,  a  hydrated 
ferric  oxide  used  extensively  in  treatment,  they  could 
cure  enzootic  marasmus,  implicating  some  contaminant 
of  the  iron  compound  as  the  curative  factor.  In  1933 
Marston®®  and  Lines  ®^  and  almost  simultaneously 


82  Schultze  M.  O.:  The  Relation  of  Copper 
and  HeSopoietic  Activity  of  the  Bone  Marrow  of  Rats,  J.  B.ol.  Chenr. 

138:  219-224  (March)  1941.  “Trace  Elements”  in 

N„“ul  9:5.5.534  (Jan.)  1940.  Mara.on, 

Marasmu.  iron  C.n.en.  of  Liver. 

tnTy'rl^^rw'^Si.  E.%-  ELioLc^  Treat 

ment  with  Limomte  ^''^‘^‘p”®;,^g®*'AssMiated  with  “Coast  Disease”  m 
86.  Marston,  H.  R.:  Prob  ems  a  ea  wirn  8:111-116 

South  Australia,  Comm.  Austral.  J.  Counc.  bc. 

‘“8“7!”lSe.  VV.:  The  E9ec.  oMhe  In^,e«^,of 

'Xr.aua"'’j."r„'„'e.  S'NnJ^Res.  8:. .7  (May)  .935. 


TRACE  ELEMENTS 


165 


Underwood  and  Filmer ««  found  that  cobalt  was  the 
curative  agent  in  “coast  disease  ’  and  enzootic  maras¬ 
mus.  Lines  and  Marston  had  been  led  to  try  cobalt 
through  the  Waltners’  work  on  cobalt  polycythemia. 
In  1936  Askew  and  Dixon  in  New  Zealand  found 
cobalt  effective  in  the  treatment  of  bush  sickness.  Cattle 
and  sheep  suffering  from  Florida  salt  sickness,*’® 
Kenya  nakruitis  and  Scotch  pine  sickness  have 
since  been  treated  successfully  with  small  amounts  of 
cobalt.  Certain  areas  of  western  Canada  and  of  Michi¬ 
gan  are  now  reported  to  have  sheep  suffering  with 
cobalt  deficiency.®®  The  deficiency  may  be  complicated 
by  a  lack  of  other  elements.  Salt  sickness  may  be 
associated  with  an  iron  and  copper  deficiency,  and  there 
have  been  sporadic  outbreaks  in  areas  with  coast  disease 
of  an  ataxia  in  young  lambs  resulting  from  central 
nervous  system  degeneration  which  can  be  prevented 
by  administration  of  copper.®* 

Demonstrating  once  more  the  quantitative  or  perhaps 
qualitative  differences  in  requirement  for  trace  elements 
that  exist  among  different  species  is  the  fact  that  horses 
can  remain  healthy  on  cobalt  low  pastures  on  which 
sheep  and  cattle  develop  severe  deficiency  symptoms. 
Cobalt  deficiency  has  as  yet  not  been  produced  in  rats 
even  with  daily  intakes  as  low  as  0.0006  mg.  of  cobalt ;  ®® 
this  element  may  be  essential  to  this  species  but  in  still 
smaller  amounts. 


The  anemia  that  developed  in  rats  on  a  whole  milk 
diet  responded  no  better  to  administration  of  iron, 
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copper  and  cobalt  than  to  iron  and  copper  alone.®^  The 
results  when  dogs  were  used  were  not  so  simple ; 
in  many  cases  iron  and  copper  alone  were  able  to 
cure  the  anemia  produced  by  restriction  to  a  whole  milk 
diet  or  by  hemorrhage,  but,  in  about  an  equal  number 
of  dogs  treated  with  iron  and  copper  in  which  blood 
regeneration  was  unusually  slow,  small  amounts  of 
cobalt  stimulated  hemopoiesis. 

The  requirements  for  cobalt  by  man  are  unknown. 
The  use  of  this  element  in  the  treatment  of  human 
anemia  has  been  reported  for  children  with  some 
favorable  results  and  for  adults  with  negative  results. 
The  adult  cases  were  very  few  in  number.  Waltner 
has  reported  that  in  children,  in  contrast  to  experi¬ 
mental  animals,  cobalt  administration  results  in  an 
increase  in  the  erythrocyte  count  but  in  no  increase 
in  hemoglobin. 

Cobalt  shares  with  manganese  the  ability  to  activate 
in  vitro  a  number  of  enzymes. It  has  not  been 
implicated  as  the  physiologic  ion  in  any  enzyme  system. 


ZINC 


Although  several  of  the  earlier  investigators 
claimed  to  have  shown  the  importance  of  zinc  in  nutri¬ 
tion,  unequivocal  proof  for  its  necessity  awaited  the 
work  of  Todd,  Elvehjem  and  Hart  in  1934.  Using  a 
diet  containing  only  1.6  parts  per  million  of  zinc,  they 
found  that  the  growth  of  the  deficient  rats  was  much 
inferior  to  the  controls  and  that  an  alopecia  developed 
over  various  parts  of  the  body.  With  still  more  effec- 


96.  Frost,  D.  V.;  Elvehjem,  C.  A.,  and  Hart,  E.  B.:  A  Study  of  the 
.Need  for  Cobalt  in  Dogs  on  Milk  Diets,  J.  Nutrition  21:  93-100  (Jan.) 


1941 

97.  Kato,  K.:  Iron-Cobalt  Treatment  of  Physiologic  and  NutritiOTal 
Aimmia  in’  Infants,  J.  Pediat.  11  :  385-396  (Sept.)  1937  Wa  tner.-- 
98  Baxter  C.  R.:  Copper  and  Cobalt  in  Anemia,  Brit.  IM.  J.  1. 
534-535  (March  11)  1939.  Cronin,  E.:  Copper  and  Cobalt  in  Anemia, 

ibid.  1:643  (March  25)  1939.  •  ■  ,.  *  »  i;  t 

99.  Waltner,  K.:  Therapeutische  Versuche  mit  Kobalt,  Acta  pediat. 

11:  438-440  (Aug.)  1930. 

100.  See  section  on  manganese.  ,  j  . 

101.  Bertrand,  G.,  and  Benzon,  B.:  Sur  1  iniportan^ce  du  zinc  dans 
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tive  diets  the  Wisconsin  investigators  have  produced 
greater  differences  in  growth  and  have  again  obseived 
changes  in  the  fur.  The  need  for  zinc  in  rats  has  been 
confirmed/®''  and  it  has  been  shown  that  mice  require 
the  element.'®®  Microscopic  study  in  instances  of  the 
deficiency '®®  revealed  extreme  parakeratosis  of  ^  the 
esophagus  with  a  thick  layer  of  partially  keratinized 
cells;  the  skin  showed  hyperkeratinization,  thickening 
of  the  epidermis  and  loss  of  hair  follicles  with  persistence 
of  the  sebaceous  glands.  Several  animals  showed 
corneal  vascularization  similar  to  that  described  in 
riboflavin  deficiency.'®' 

The  physiologic  role  of  zinc  has  been  under  intensive 
investigation.  Scott  and  Fisher  '®®  have  reported  its 
occurrence  in  insulin ;  this  close  association  has  been 
confirmed.'®®  Zinc  (as  well  as  some  other  ele¬ 

ments  "®)  reduces  the  severity  of  insulin  hypoglycemia 
while  prolonging  it.  Scott  and  Fisher  '"  found  that 
the  average  zinc  content  of  the  pancreas  of  diabetic 
patients  was  only  half  that  of  the  nondiabetic,  while 
the  insulin  content  was  only  one  fourth.  However,  a 
recent  report"”  indicates  that  on  a  fat  free  weight 
basis  the  zinc  content  of  the  pancreases  of  the  diabetic 
and  the  nondiabetic  is  the  same. 


103.  Stirn,  F.  E.;  Elvehjera,  C.  A.,  and  Hart,  E.  B.:  The  Indis¬ 
pensability  of  Zinc  in  Nutrition  of  the  Rat,  J.  Biol.  Chem.  109:347- 

359  (April)  1935.  Hove,  E.;  Elvehjem,  C.  A.,  and  Hart,  E.  B. :  The 
Physiology  of  Zinc  in  the  Nutrition  of  the  Rat;  Further  Studies  on 
Zinc  Deficiency  in  Rats,  Am.  J.  Physiol.  134:750-758  (Dec.)  1938. 

lOp  Day,  H.  G.,  and  McCollum,  E.  V.:  Effects  of  Acute  Dietary  Zinc 
Deficiency  in  the  Rat,  Proc.  Soc.  Exper.  Biol.  &  Med.  45:  282-284,  1940. 

105.  Day,  H.  G.:  The  Effects  of  Zinc  Deficiency  in  the  Mouse.  Federa¬ 
tion  Proc.  1:  188-189  (March)  1942. 

106.  Folli^  R.  H.,  Jr.,  and  Day,  H.  G. :  Histological  Studies  of  the 

^  Extremely  Low  in  Zinc,  J.  Nutrition  32: 

223-237  (Sept.)  1941. 
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tion  in  Vitamin  A  deficiency,  J.  Exper.  Med.  69:  1-12  (Jan.)  1939. 

108.  Scott,  D.  A.:  Crystalline  Insulin,  Biochem.  T  28*  1 592-1  fiO? 
124tlof4,““93°;  Crystalline  insili;  ibid.  3“9 


§•’  Livingood,  J.  J.,  and  Blanchard,  M.  II.: 
^"‘Jl^'elecqic  Properties  of  Insulin  and  Its  Crystallization 
with  Radioactive  Zinc,  Science  90:  183-185  (Aug.  25)  1939.  “  "zaiion 

A  Jemtegaard,  L.  M.:  Divided  Dosage  of  Insulin 

Am.  J.  Physiol.  119:  149-152  (May)  1937.  Blatherwirk  N  R*.  r  •  ’ 

Mary  E.,  and  Bradshaw,  Phoebe  J.:  Some  Effects  of  ZiJ^c  Sid\’on  Sa"lts 

725-728  (Nov.)  1938.  rancreas,  J.  Uin.  Investigation  17: 

112.  Eisenbrand,  J.,  and  Sienz  M  •  TIpIio.-  .lo.,  v  i  i  , 
jchlichan  Pankraasdrii^n.  Ztschr.’  f.  'pl.ysioL  ctm.  i's  7m  "S',' 


168 


SHILS  AND  McCOLLUM 


Carbonic  anhydrase,  the  enzyme  which  accelerates 
the  reaction  HgCOg  ^  COg -f- appears  to  be 
a  zinc-protein  compound, although  reports  vary  as 
to  the  zinc  content. It  has  been  found  in  the  blood, 
gastric  mucosa,^^®  pancreas  and  renal  cortex ; 
apparently  all  of  the  zinc  in  the  erythrocytes  is  in  this 
enzyme, which,  incidentally,  is  inhibited  by  sulfanil¬ 
amide,^^®  The  enzyme  uricase  may  also  contain  zinc.^-^ 
In  view  of  these  findings,  it  is  interesting  to  note  the 
observations  on  the  physiology  of  zinc  deficient  animals. 
Thus  far  there  have  been  found  no  disorder  of  carbo¬ 
hydrate  metabolism,’^^^  no  significant  decrease  in  the 
carbonic  anhydrase  activity  and  no  decrease  in  the 
concentration  of  uricase.^"*  On  the  other  hand,  the  defi¬ 
cient  rats  showed  a  persistent  rise  in  plasma  uric 
acid,^^^  a  definite  delay  in  intestinal  absorption,  par¬ 
ticularly  of  nitrogenous  products,^^^  associated  with 
decreases  in  pancreatic  tryptic  activity  (nonspecific) 
and  intestinal  phosphatase  activity.^^®  Catalase  activity 
in  liver  and  kidney  is  decreased  in  zinc  deficient  mice.^®® 
If  its  concentration  in  many  tissues  and  foods  is  taken 
as  the  criterion,  zinc  should  not  be  classified  as  a  “trace” 
element  if  iron  is  not,  since  it  occurs  in  amounts  approx- 

113.  Roughton,  F.  J.  W.:  Recent  Work  on  the  Carbon  Dioxide  Trans¬ 
port  by  the  Blood,  Physiol.  Rev,  15:241-296  (April)  1935. 
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iniating  those  of  iron ;  in  some  cases  zinc  occurs  in 
greater  concentrations,  milk,  for  example,  containing 
3  to  4  mg.  per  liter.  The  average  daily  diet  contains 
12  to  20  mg.  of  zinc,  almost  all  being  excreted  in  the 
urine.  For  the  present  there  is  no  information  on 
the  zinc  requirement  of  man.  Several  balance  studies, 
one  on  children  of  preschool  age’-"  and  the  other  on 
children  8  to  12  years  old,’-®  have  shown  zinc  retention, 
indicating  possible  requirements.  Scoular  tentatively 
recommends  0.307  mg.  of  zinc  daily  per  kilogram  of 
body  weight  for  the  preschool  age  child. 


FLUORINE 

The  consideration  of  fluorine  in  any  discussion  of 
trace  elements  is  pertinent  for  at  least  two  reasons : 
first,  because  of  the  undesirable  effects  associated  with 
widespread  chronic  fluorine  intoxication,  and,  second, 
because  of  the  recent  interest  in  the  effect  of  fluorine 
on  the  incidence  and  severity  of  dental  caries. 

Fluorine  associated  with  various  minerals  is  widely 
distributed  in  nature,  especially  in  areas  rich  in  phos¬ 
phates,  aluminum  and  volcanic  ash.  It  is  present  nor¬ 
mally  in  very  small  amounts  in  plant  and  animal  tissues. 
McClure  has  collected  data  on  the  fluorine  content 
of  foods  and  vegetables. 

Water  passing  through  fluorine  rich  mineral  deposits 
becomes  contaminated  with  the  element,  and  consump¬ 
tion  of  this  water  during  the  period  of  tooth  formation, 
particularly  of  the  permanent  teeth,  results  in  a  disease 
known  as  chronic  endemic  dental  fluorosis,  commonly 
called  mottled  enamel.  Recognition  that  the  disease 
is  water  borne  came’®"  in  1916,  but  it  was  not  until 


126.  Lutz,  R.  E.:  The  Normal  Occurrence  of  Zinc  in  Biological  Mate¬ 
rials:  A  Review  of  the  Literature  and  a  Study  of  the  Normal  Distri¬ 
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1^26.  Eggleton,  W.  G.  E.:  The  Zinc  Content  of  Epidermal  s’tructures 
in  Beriberi,  Biocheni.  J.  33:  403-406  (April)  1939 
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1931  that  three  independent  investigations  impli¬ 
cated  fluoride  as  the  causative  agent.  Epidemiologic 
studies  and  animal  experimentation  fully  support  this 
view.  Surveys  of  populations  indicate  an  orderly 
uniformity  in  the  group  response  to  the  fluoride  con¬ 
centration  of  the  communal  water  supply  with  regard 
both  to  the  incidence  and  to  the  percentage  distribution 
of  the  severity  of  the  mottled  enamel,  particularly  the 
latter,  as  shown  in  the  table.  Amounts  of  fluoride  not 
exceeding  one  part  per  million  of  water  are  not  con¬ 
sidered  of  public  health  significance.^®- 


Relation  of  Fluoride  Concentration  to  Incidence  of  Mottled 

Enamel  in  Children 

(Nichols,  M.  from  data  of  Dean  and  Elvove.™) 


Fluoride 

Composite  of  9, 10  and 

Content  in 

11  Year  Old  Children 

Parts  per 

/ 

Million  of 

Number  of 

Incidence 

Drinking 

Children 

per  100 

City  and  State 

Water 

Examined 

Children 

Junction  City,  Kan . 

0.7 

115 

1.7 

East  Moline,  Ill . 

1.5 

no 

24.5 

Webster  City,  Iowa . 

1.6 

72 

26.4 

2.2 

138 

71.0 

Plainview,  Texas . 

2.9 

77 

87.0 

Amarillo,  Texas . 

3.9 

229 

89.5 

Conway,  S.  0 . 

4.0 

59 

88.1 

Lubbock,  Texas . 

4.4 

164 

97.0 

The  widespread  occurrence  of  mottled  enamel  in  the 
United  States  is  indicated  in  figure  1.  Its  distribution 


is  worldwide. 

As  fluorine  acts  during  the  period  of  calcification, 
the  teeth  of  the  affected  child  erupt,  showing  char¬ 
acteristic  signs.  Instead  of  having  the  normal  smooth, 
lustrous,  translucent  appearance,  the  teeth  have  dull 
chalky  white  patches  distributed  over  the  surface,  and 
in  some  cases  the  whole  tooth  surface  may  present  a 
dead  white  unglazed  appearance.  In  addition  there 


.Ifre  daf  mammif/,..  dea  sf 
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may  be  discrete  or  confluent  pitting  of  the  enamel.  The 
affected  teeth  often  take  on  a  characteristic  brown  stain, 
the  frequency  of  occurrence  increasing  with  age.  Mot¬ 
tled  enamel  is  a  permanent  disfigurement  (figs.  2,  3,  4 
and  5).  The  microscopic  appearance  is  that  of  a 
hypoplasia  of  the  enamel  and  dentin.  There  is  a  failure 
in  the  development  of  the  cementing  interprismatic 
substance  of  the  enamel  with  incomplete  calcification 
of  the  enamel  rods  and  of  the  dentin.^®'*  Pitting  is 


I  AREAS  WHERE  mottled  ENAMEL  HAS 
BEEN  DEMONSTRATED  BY  SURVEYS  ANIVC 
RECORDED  IN  THE  LITERATURE 
AREAS  WHERE  ENDEMIC  MOTTLED  ENAMEI 
HAS  BEEN  REPORTED  BUT  NOT  VERIFIED 


Fig.  L— Distribution  of  mottled  enamel  in  the  United  States.  In 
August  1938  there  were  about  three  hundred  and  seventy-five  known  areas 
divided  among  twenty-six  states  where  this  condition  occurred  in  varyine 
degrees  of  severity  (Dean.  H.  T.,  and  McKay,  F.  S.:  Am  T  Pub 
Health  29:490  [fune]  1939). 


the  result  of  the  breaking  off  of  the  end  of  the  enamel 
prisms. 
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1  he  solution  to  the  problem  lies  in  the  reduction  of 
the  fluoride  intake  by  a  change  in  the  community  water 
supply by  dilution  of  high  fluoride  waters  or  by 
treatment  of  the  water  to  remove  the  fluoridesd^^ 
Various  aspects  of  endemic  dental  fluorosis  have  been 
reviewed  in  a  number  of  recent  papers/^® 

Chronic  fluorine  poisoning  may  occur  through  expo¬ 
sure  to  dusts  or  fumes  of  fluoride  containing  minerals 
used  in  industrial  processes.  Roholm  in  his  mono¬ 
graph  reviews  the  literature  and  discusses  the  poisoning 
of  workers  in  Copenhagen  factories  where  cryolite 
(NagAlFg)  was  used  in  the  production  of  aluminum. 
Gastric,  intestinal,  cardiac  and  respiratory  disturbances 
were  prominent,  and  osteosclerosis  was  the  outstanding 
feature.  All  the  bony  system  was  affected  eventually, 


Pig.  2. — Mottled  enamel  (endemic  dental  fluo^sis)  of  mild  degree. 
This  illustration  and  figure  5  are  from  Dean,  H.  T.,  and  ^ 

Am.  J.  Public  Health  29:590  (June)  1939,  and  figures  3  and  4  from 
Dean"^  H  T.-  McKay,  F.  S.,  and  Elvove,  Elias:  Pub  Health  Rep.  53. 
1736 ’(Sept.  ’30)  1938,  through  the  courtesy  of  Dr.  Dean  of  the  U.  S. 
Public  Health  Service. 


but  the  vertebral  column  and  pelvis  were  affected  first 
and  most  severely.  Greenwood  in  his  comprehensive 

Itfi  Dean  H  T.:  Chronic  Endemic  Dental  Fluorc^is  (Mottled 

136.  nean,  107 •  1269-1272  (Oct.  17)  1936.  Dean,  H.  T., 

J'n'd '^fcKay  Y  ¥'■  Production  of  Mottled  Enamel  Halted  by  Change  in 

",  Common  \V..Vr  Supply.  Am.  J.  Pub.  Hooltb  39:590.596  (Juno) 

*^157  Nichols  M.  S.:  Occurrence.  Pathological  Aspects  and 
nf  Fl.mHde  Wkters  Am.  J.  Pub.  Health  29:991-998  (Sept.)  1939. 
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139.  Roholm.  K. :  Fluorine  Intoxication,  London,  II.  K. 
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review  of  the  recent  literature  also  discusses  acute  and 
chronic  fluoride  poisoning. 

Another  possible  source  of  chronic  poisoning  may 
be  the  use  of  fluorine  containing  insecticides  used  in 
spraying  fruits  and  vegetables.  This  has  necessitated 
a  federal  legal  tolerance  on  such  spray  residues  of  %oo 
grain  of  fluorine  per  pound  of  food,  which  is  ecpiivalent 
to  about  2.9  parts  per  million. 

McCollum  and  his  co-workers  and  Schulz  and 
L^amb“-  first  showed  the  detrimental  effects  of  the 
inclusion  of  fluoride  in  the  diet  of  experimental  animals. 
Their  observations  on  the  bleaching  and  fragility 


Fig.  3._ — Mottled  enamel  of  moderate  degree.  Note  the  whiteness, 
pigmentation,  pitting  and  lack  of  luster  particularly  noticeable  in  this 
illustration  and  in  figure  4. 


of  the  bones  and  teeth  and  of  the  overgrowth  of  the 
maxillary  incisors  following  excessive  erosion  of  the 
opix)sing  mandibular  incisors  have  been  confirmed 
by  numerous  investigators  who  have  added  to  our 
knowledge.  The  use  of  natural  phosphates  or  super¬ 
phosphates  with  high  fluoride  content  as  mineral  sup¬ 
plements  to  farm  animals  has  frequently  resulted  in 
chronic  fluoride  poisoning.  Stunting  of  growth,  ema- 


TV.'  J-  Ernestine,  and 

Bunting,  R.  W..  The  Effect  of  Additions  of  Fluorine  to  the  nf 
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ciatioii,  lameness  due  to  bone  abnormality  and  fragility, 
and  tooth  changes  similar  to  those  of  human  dental 
fluorosis  have  been  described. 

Additional  evidence  for  the  action  of  fluorine  as  a 
modifier  of  calcium  and  phosphorus  metabolism  is  the 
observation  that  fluoride  decreases  the  severity  of 
rickets  in  rats,  prolongs  the  life  of  rachitic  rats  and 
causes  an  unorganized  calcification  when  vitamin  D  is 
given. When  administered  together  with  vitamin  D 
to  rachitic  rats,  it  inhibits  the  healing  process.  Fluoride 
given  to  the  normal  mother  causes  delay  and  some 
disorganization  of  calcification  of  the  bones  of  suckling 
rats.^^^  Greenwood  cites  recent  reports  that  patho- 


Fig.  4. — Mottled  enamel  of  severe  degree.  The  pigmentation  occurs 
after  tooth  eruption  and  increases  with  age. 


logic  bone  changes  occur  in  iieople  living  in  endemic 
mottled  areas  for  long  periods  of  time.  However,  in 
a  recent  radiologic  study  of  persons  m  two  Illinois 

144  Peirce  A.  W.:  Chronic  Fluorine  Intoxicat^ion  in  Domestic  Ani- 
Activity  of  Vitamin  D  in  Rachitic  Rats,  J.  Nutrition  20.75  84  U  y) 
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communities,  where  the  water  supplies  contained  1.5 
to  3  parts  per  million  of  fluoride  and  where  dental 
fluorosis  was  widespread,  no  demonstrable  skeletal 
sclerosis  occurred  even  though  the  water  was  taken 
for  long  periods.  Smith  was  unable  to  find  any 
bony  changes  in  children  with  mottled  teeth  and  sug¬ 
gested  that  teeth  are  much  more  sensitive  to  fluoride 
than  the  bony  skeleton. 

Fluoride  is  known  as  an  enzyme  poison,  specifically 
inhibiting  the  formation  of  phosphopyruvate  from  phos- 
phoglycerate.  The  reports  in  the  literature  on  its  effect 
on  phosphatases  in  vivo  are  conflicting.^®®  In  vitro 
experiments  indicate  an  inhibition  of  phosphatases 
and  esterases,’®” 


Fig.  5. — Normal  enamel. 


The  synergistic  action  of  thyroid  and  fluoride  has 
been  noted.  Fluoride  when  given  in  conjunction  with 
thyroid  accentuates  the  effect  on  the  basal  metabolic 
rate  produced  by  the  thyroid,  whereas  the  fluorine  alone 
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has  no  effect, Fluoride  enhances  the  toxicity  of  thy¬ 
roid  in  chicks  and  vice  versa. Thyroid  and  thyro¬ 
tropic  hormone  likewise  enhance  the  bleaching  of  rat 
incisors  by  fluoride.'®® 

The  fluoride  content  of  cow’s  milk  is  only  slightly 
affected  by  increasing  the  fluoride  intake — the  milk 
level  remaining  appreciably  below  toxic  levels.'®®  How¬ 
ever,  it  is  possible  that  women  exposed  to  fluorides 
may  be  able  to  transmit  enough  fluoride  in  their  milk 
to  affect  the  developing  teeth  of  the  infant.'®'  From 
the  somewhat  meager  evidence  '®®  it  would  appear  that 
food  is  relatively  unimix)rtant  compared  to  water  as 
a  source  of  this  element.  The  question  has  been  pre¬ 
sented  '®®“  of  the  possible  danger  of  chronic  fluorine 
])oisoning  arising  from  the  use  of  dicalcium  phosphate 
as  a  dietary  supplement  during  pregnancy  and  for 
infants  and  children. 

Fluorine  has  become  of  even  greater  nutritional  inter¬ 
est  and  importance  since  the  discovery  of  Armstrong  '®® 
and  Armstrong  and  Brekhus '®®  that  the  enamel  of 
sound  teeth  contained  more  fluorine  than  that  of  carious 
teeth,  their  average  values  being  0.0111  and  0.0069 
per  cent  respectively.  This  is  the  only  element  whose 
concentration  has  been  found  to  differ  between  normal 
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and  carious  teeth,  and  the  suggestion  was  made  that 
tlie  increased  fluorine  content  might  pl^iy  I'ole  in 
the  resistance  to  caries. 

Numerous  papers  have  since  appeared  of  a  chemical, 
clinical  and  experimental  nature  with  supporting  evi¬ 
dence  for  a  relationship  between  fluorine  and  the  inci¬ 
dence  of  dental  caries.  It  is  interesting  to  note  that 
before  the  finding  of  Armstrong  and  Brekhus  there 
were  many  observations  in  the  literature  pointing 
out  a  decreased  severity  of  caries  in  areas  of  endemic 
dental  fluorosis. 


Dean  and  his  co-workers  have  published  a  valuable 
series  of  papers  concerned  with  human  epidemiologic 
studies.  They  indicate  an  inverse  relationship  between 
the  fluoride  concentration  of  the  water  supply  and  the 
incidence  of  dental  caries  in  children.  It  is  significant 
that  in  communities  with  a  water  supply  containing 
fluorides  in  concentration  but  slightly  above  the  mini¬ 
mal  threshold  of  endemic  dental  fluorosis  (1.0  part  per 
million)  and  where  the  incidence  of  mottled  enamel 
was  low,  the  dental  caries  experience  was  much  less 
than  in  communities  using  fluoride  free  water. 
Earlier  work  had  shown  the  inverse  relationship 
between  endemic  dental  fluorosis  and  dental  caries,  but 
the  later  results  indicate  that  the  limited  immunity 
to  dental  caries  is  not  dependent  on  the  presence  of 
macroscopic  mottled  enamel.  The  results  at  Bauxite, 
.^rk.d®"*  indicate  that  exposure  to  high  fluoride  water 
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for  only  the  first  several  years  of  life  resulted  in 
increased  resistance  to  caries  for  at  least  several  years 
after  a  change  to  a  low  fluoride  water  supply.  In  all 
the  studies  the  salivary  Bacillus  acidophilus  counts 
reflected  the  dental  caries  rate.  Evidence  that  the 
problem  needs  further  study  is  given  in  the  recent 
report  of  a  study  of  school  children  exposed  for 
two  years  to  a  domestic  water  which  was  increased 
in  fluoride  content  from  ..1  to  0.7  parts  per  million. 
The  dental  caries  experience  rate  and  the  L.  acidophilus 
counts  were  similar  to  those  in  communities  with 
fluoride-free  water. 


Recent  investigations  with  rats  show  that  fluorides 
can  greatly  inhibit  induced  dental  caries  when  admin¬ 
istered  either  during  tooth  development^®®  or  after 
formation  of  the  teeth.^®®  The  mechanism  by  which 
fluoride  acts  is  not  completely  established,  but  it  appears 
to  be  by  one  or  both  of  the  following:  (a)  by  the 
fluoride  entering  the  tooth  structure  and  giving  it 
caries  resistant  properties  or  (b)  by  inhibiting  bacterial 
action  on  food  particles  and  on  the  tooth.  Theie  is 
evidence  for  both  views. 

Fluorides  in  minute  amounts  limit  acid  production 
by  mouth  bacteria,  as  do  fluorosed  and  fluorine  treated 
enamel  and  dentin ;  in  larger  amounts  growth  is 
inhibited. ^®^  In  vitro  and  in  vivo  acquisition  of  fluorine 
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by  teeth  has  been  studied , it  has  been  found 
that  enamel  and  dentin  can  acquire  Aiioi  that 

treated  samples  show  reduced  solubility although 
apparently  the  amounts  of  fluoride  present  in  slightly 
fluorosed  teeth  are  too  small  to  alter  their  acid  solu¬ 
bility.  Arnold  and  McClure  have  found  that  sub¬ 
cutaneous  injection  of  fluoride  as  contrasted  to  oral 
administration  produced  no  significant  reduction  ^  in 
induced  dental  caries  of  rats,  although  the  fluoride 
content  of  the  teeth  increased,  they  believe  that  these 
results  show  that  if  fluoride  acts  by  affecting  structure 
it  must  be  introduced  during  the  period  of  tooth  devel¬ 
opment. 

Fluorine’s  concomitant  effect  of  mottling  enamel  even 
in  minute  amounts  unfortunately  means  that  for  the 
present,  at  least,  its  use  as  an  inhibitor  of  human  dental 
caries  is  most  decidedly  in  the  experimental  stage.  It 
remains  to  be  seen  whether  topical  application  of  fluo¬ 
ride  or  its  intake  by  persons  whose  permanent  teeth 
have  already  formed  are  effective  and  safe  means  of 
inhibiting  dental  caries.  One  recent  preliminary  report 
on  topical  application  to  a  small  number  of  cases  over  a 
period  of  only  one  year  is  optimistic. 

There  is  no  evidence  from  the  investigations  with 
fluorine-low  diets  that  this  element  is  essential. 
However,  more  refined  nutritional  experiments  or  the 
elucidation  of  its  role  in  tooth  and  bone  structure  may 
show  that  it  is  necessary. 


SELENIUM 

Selenium  poisoning  has  gained  prominence  as  a  prob¬ 
lem  in  livestock  nutrition  and  as  a  possible  health 
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hazard  to  man  since  1933,  when  selenium  was  found 
in  samples  of  wheat  which  had  previously  been  shown 
to  be  toxic  to  livestock  and  to  laboratory  animalsd"^ 
The  ingestion  of  selenium  bearing  vegetation  has  thus 
been  thought  to  be  concerned  with  the  pathologic  con¬ 
ditions  of  farm  animals  known  as  “alkali  disease”  and 
“blind  staggers.”  Plants  growing  in  seleniferous 
areas  often  contain  high  concentrations  of  the  element 
in  some  organic  form  and  presumably  in  the  protein 
fraction.^^®  The  afifected  localities  are  limited  in  size 
but  widely  scattered  throughout  the  Great  Plains  of 
the  western  United  States.^^*^ 

Selenium  poisoning  results  in  stunting  of  growth, 
emaciation,  loss  of  hair,  decreased  reproductive  power, 
atrophy  and  cirrhosis  of  the  liver,  gastric  damage  and 
anemia.^”  Cattle,  hogs  and  horses  develop  erosion  of 
the  bones,  abnormalities  of  the  hooves,  and  atrophy  of 
the  heart  in  the  chronic  form  of  the  ix)isoning  (“alkali 
disease”).^”  The  eggs  of  poisoned  poultry  have  a  low 
hatchability  because  of  the  abnormal  development  of 
the  embryos  into  monstrosities.^'®  Experiments  with 
various  species  have  demonstrated  that  daily  inges¬ 
tion  of  selenium  in  amounts  as  low  as  0.2  mg.  per 
kilogram  of  weight  causes  minor  symptoms  and  that 
doses  in  excess  of  1  mg.  per  kilogram  daily  are  danger¬ 
ously  toxic.  The  natural  plant  toxicant  is  less  toxic 
than  the  inorganic  salts  but  the  symptoms  are  the  same. 
It  is  noteworthy  that  within  certain  limits  the  toxicity 
of  plant  and  inorganic  selenium  is  determined  by  the 
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i^rotein-seleiiium  ratio  in  the  diet  rather  than  by  the 
selenium  intaked«“  Selenium  compounds  mhihit  cellular 
respiration  probably  by  poisoning  enzymes,  such  as 
succinodehydrogenase,  which  are  dependent  on  sulf- 
hydryl  groups  for  activityd®^ 

Persons  living  in  rural  areas  where  selenium  is 
endemic  absorb  selenium  in  sufficient  amounts  to 
excrete  it  in  concentrations  much  greatei  than  those 
found  in  nonseleniferous  areasd*^  Analysis  for  selenium 
revealed  its  widespread  occurrence  in  animal  as  well 
as  plant  foodstuffs  from  seleniferous  localities.  There 
is  no  definite  clinical  evidence  of  human  selenium  intox¬ 
ication  in  these  areas,  but  there  is  suggestive  evidence 
that  man  is  not  immune.^®"  The  seriousness  of  selenium 
poisoning  in  these  populations  is  undoubtedly  reduced 
by  the  fact  that  much  of  the  flour  and  vegetables  con¬ 
sumed  come  from  nonseleniferous  regions. 

BORON 

Although  boron  is  known  to  be  essential  for  plants, 
there  is  as  yet  no  experimental  evidence  that  it  is  neces¬ 
sary  for  animals.  It  appears  to  exist  normally  in  small 
amounts  in  animals,^®®  in  milk  and  in  eggs.^®" 
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SHILS  AND  McCOLLUM 


Numerous  investigators  have  observed  the  rapid  uri¬ 
nary  excretion  of  the  element^**  Two  recent  studies 
have  shown  that  rats  can  thrive  on  diets  extremely 
low  in  boron  (less  than  0.8  microgram  per  rat  daily). 


ALUMINUM 

The  use  of  aluminum  in  cooking  utensils  and  in  bak¬ 
ing  powders  has  centered  more  attention  on  its  possible 
toxicity  than  on  its  role  in  normal  metabolism.  The 
evidence  indicates  that  ingested  aluminum  is  absorbed 
in  but  small  amounts  and  that  the  amounts  occurring 
in  the  usual  human  dietary  (about  12  to  13  mg. 
daily  are  not  harmful.^®’  This  element  is  widely 
distributed  in  nature  and  has  been  found  to  occur  in 
very  small  amounts  in  plant  and  animal  tissues  and  in 
milk.^®®  It  is  not  definitely  known  at  present  whether 
or  not  aluminum  is  a  dietary  essential.  Rats  maintained 
for  six  weeks  on  a  diet  containing  as  little  as  1  micro¬ 
gram  of  aluminum  daily  appeared  normal  never¬ 
theless,  when  the  aluminum  intake  was  increased  there 
was  definite  absorption  and  storage.  On  the  basis  of 
balance  studies  with  young  children,  Secular  sug¬ 
gests  that  this  element  is  not  essential. 
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CONCLUSION 

Six  trace  elements,  namely  iron,  copper,  iodine,  man¬ 
ganese,  cobalt  and  zinc,  have  been  demonstrated  to  be 
essential  to  animal  life.  Our  knowledge  of  the  human 
requirement  for  manganese,  cobalt  and  zinc  is  so  meager 
that  the  possibility  of  deficiency  of  any  one  of  them 
occurring  cannot  be  dismissed,  although,  because  of 
their  broad  distribution  in  nature  and  probably  small 
requirement,  the  likelihood  of  any  acute  or  widespread 
deficiency  appears  remote.  The  essential  trace  elements 
and  the  other  trace  elements  which  occur  in  living  mat¬ 
ter  but  whose  importance  is  unknown  stand  as  _  a 
challenge  to  nutritionists  and  physiologists.  The  indis¬ 
pensable  “traces,”  just  as  the  vitamins,  appear  to  be 
keys  to  fundamental  physiologic  processes  the  mecha¬ 
nisms  of  which  are  either  only  partially  understood  or 
in  most  cases  completely  unknown. 
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CHAPTER  X 


THE  FAT  SOLUBLE  VITAMINS 
HUGH  R.  BUTT,  M.D. 

ROCHESTER,  MINN. 

An  attempt  has  been  made  in  the  present  review^  to 
outline  a  few  known  facts  about  each  fat  soluble  vita¬ 
min  and  to  mention  the  most  recent  advances  of  general 
interest  that  have  occurred  since  publication  of  the 
symposium  on  vitamins  sponsored  by  the  American 
Medical  Association  in  1939.  No  attempt  has  been 
made  to  delve  into  many  of  the  details  in  this  field ; 
rather,  data  have  been  presented  which  .it  is  hoped 
will  be  of  value  in  orienting  conceptions  in  a  rapidly 
changing  subject. 

VITAMIN  A 


CHEMISTRY  AND  PHYSIOLOGY 


The  chemistry  and  physiology  of  vitamin  A  and  sub¬ 
stances  having  vitamin  A  activity  have  been  considered 
in  some  detail  in  previous  reviews  in  The  Journal.^ 
Evidence  reveals  that  there  exists,  in  addition  to 
vitamin  A,  another  compound  which  has  been  designated 
as  vitamin  A,.  In  chemical  structure  vitamin  A^  is 
related  closely  to  vitamin  A, ;  biologically  the  activity 
is  the  same.  It  appears  that  vitamin  A  predominates 
in  the  tissues  of  salt  water  fish  and  that  vitamin  A2 
predominates  in  the  tissues  of  fresh  water  fish.  The 
absence  of  vitamin  in  the  liver  of  mammals  and  other 
land  animals  probably  can  be  explained  by  the  absence 
of  vitamin  A2  in  their  food.- 

Vitamin  A  is  a  fat  soluble  compound.  Apparently, 
its  absorption  is  facilitated  greatly  by  the  simultaneous 
absorption  of  a  certain  amount  of  fat.  Most  investi¬ 
gators  agree  that  the  presence  of  bile  is  not  necessary 
for  proper  absorption  of  vitamin  A ;  however,  it  still 
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is  good  therapeutic  practice  to  administer  bile  salts 
with  concentrates  of  vitamin  A  in  the  treatment  of 
patients  who  have  obstruction  of  the  biliary  tract.  Esters 
of  vitamin  A  apparently  behave  in  the  intestinal  tract 
in  a  manner  similar  to  the  esters  of  other  fatty  acids. 
Apparently  they  are  hydrolyzed  by  the  enzymes  present, 
and  during  the  height  of  absorption  the  vitamin  exists 
in  the  intestinal  wall  chiefly  as  an  alcohol.® 

The  precursors  of  vitamin  A  are  all  the  carotenoid 
pigments  commonly  called  carotene.  Since  most  of 
vitamin  A  comes  in  the  form  of  carotene,  some  knowl¬ 


edge  of  its  metabolism  is  important. 

Carotene  is  absorbed  less  readily  than  vitamin  A  and 
is  subject  to  several  more  hazards  than  vitamin  A. 
Carotene  apparently  requires  for  its  absorption  the 
presence  of  bile  in  the  intestinal  tract.  In  those  condi¬ 
tions  in  which  bile  is  excluded  completely  or  partially 
from  the  intestinal  tract  or  whenever  there  is  a  defi¬ 
ciency  of  bile  salts,  bile  must  be  given  as  a  supplement 
in  order  to  assure  proper  absorption.  It  also  has  been 
demonstrated  that  liquid  petrolatum  can  seriously 
inhibit  absorption  of  carotene.  For  this  reason,  liquid 
j>etrolatum  should  not  be  given  immediately  after  meals. 

Storage.— Aiitr  absorption,  the  greater  portion  of 
carotene  is  held  in  the  liver,  where  it  giadually  dis¬ 
appears  in  the  Kupffer  cells  as  the  concentration  of 
vitamin  A  in  the  liver  increases.  In  the  case  of  human 
beings  the  content  of  vitamin  A,  as  in  all  animals,  is 
much  lower  in  the  liver  at  birth,  irrespective  of  the  diet 
of  the  mother,  than  in  the  liver  of  a  normal  adult.  The 
liver  probalily  stores  about  95  per  cent  of  the  reserve  of 
vitamin  A  in  the  body  and  the  amount  stored  is,  as  a 
rule,  less  during  childhood  and  gradually  increases  with 
age.®  The  exact  mechanism  by  which  vitamin  A  is 
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called  forth  from  its  reserve  store  is  not  known,  but 
from  several  sources  it  appears  that  the  distribution  ot 
vitamin  A  in  the  circulating  blood  and  tissues  is  con¬ 
trolled  in  i)art  by  the  nervous  system.*’’ 

Excretion. — Neither  carotene  nor  vitamin  A  is 
excreted  by  the  kidneys  unless  an  excessive  dose  of 
either  of  these  substances  has  been  administered.  Caro¬ 
tene  is  readily  excreted  in  the  feces  but  vitamin  A  is 
excreted  much  less  readily.  Apparently,  unutilized 
excesses  of  carotene  and  vitamin  A  find  other  channels 
of  excretion  or  are  destroyed  in  the  intestine  oi  else¬ 
where." 

Human  milk  contains  both  carotene  and  vitamin  A. 
The  colostrum  of  the  human  breast  has  from  two  to 
three  times  the  biologic  activity  of  vitamin  A  of  early 
milk,  and  early  human  milk  has  from  five  to  ten  times 
the  biologic  vitamin  A  activity  of  cow’s  milk.  Appar¬ 
ently  the  biologic  activity  of  vitamin  A  of  early  human 
milk  is  not  increased  by  supplementary  administration  of 
cod  liver  oil  to  the  mother. 

It  formerly  was  believed  that  vitamin  A  produced 
a  profound  effect  on  the  nervous  system.^  Howgver, 
Wolbach  and  Bessey  ®  have  now  shown  that  in  vita¬ 
min  A  deficiency  in  rats,  skeletal  growth  is  retarded 
earlier  than  that  of  the  soft  tissues  in  general,  including 
that  of  the  central  nervous  system,  and  that  at  least 
in  the  white  rat  the  nervous  manifestations  are  due 
to  pressure  effects  caused  by  relative  overgrowth  of 
the  central  nervous  system. 
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SOURCES,  HUMAN  REQUIREMENTS  AND  TOXICITY 


Vitamin  A  is  rather  widespread  in  nature  in  the  form 
of  its  precursors,  the  yellow  and  red  carotenoid  pigments 
(provitamins).  These  pigments  are  found  in  the  plant 
world,  being  distributed  from  bacteria  to  garden  fruits 
and  vegetables.  Pigments,  of  course,  are  found  chiefly 
in  association  with  chlorophyll  and  in  the  green  leaves 
of  plants ;  this  is  not  invariably  true,  however,  since 
carrots  and  sweet  potatoes,  which  are  yellow,  also  are 
rich  in  these  substances.  A  few  of  the  more  important 
and  rich  sources  of  vitamin  A  and  carotene  are  green 
leaf  vegetables,  green  snap  beans,  spinach,  carrots,  peas, 
asparagus,  yellow  vegetables,  eggs,  whole  milk  and 
whole  milk  products  and  apricots. 

Vitamin  A  is  fairly  stable  to  heat  but  is  destroyed  by 
oxidation.  Foods  that  are  heated  for  long  periods  may 
reveal  a  rather  large  loss  of  potency  in  vitamin  A.  Since 
activity  of  the  vitamin  is  not  affected  by  boiling,  foods 
cooked  in  this  manner  retain  their  potency.  Canned 
foods  and  foods  stored  in  the  frozen  state  maintain  their 
maximal  value  of  vitamin  A;  dried  and  dehydrated 
foods,  however,  show  considerable  loss. 

TJwncin  RcQUiTCiHcnts. — Vitamin  A  is  essential  for 
normal  metabolism.  Although  the  exact  minimal 
recjuirement  of  vitamin  A  for  man  is  still  unknown, 
considerable  work  has  been  carried  out  in  an  effort  to 
settle  this  point.'"  Since  the  recommended  daily  allow¬ 
ances  for  definite  nutrients  as  defined  by  the  Food  and 
Nutrition  Board  of  the  National  Research  Council  and 
later  adopted  by  the  Council  on  Foods  and  Nutri¬ 
tion  of  the  American  Medical  Association  represent  the 
thoughts  of  the  leaders  in  these  particular  fields,  it 
would  seem  well  that  these  should  be  accepted  without 
considering  other  work  in  this  field  in  any  detail. 
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For  the  average  man  and  woman  of  ^^^S-.and  56 
Kg.  respectively,  the  daily  allowance  is  5,000  ^iter^ 
tional  units.  In  the  latter  half  of  pregnancy,  6,m 
international  units  is  required,  and  during  lactation 
8  000  international  units.  For  children  aged  less  than 
a’ year,  1,500  units  is  required;  for  those  aged  1  to  d 
years,  2,000;  for  those  from  4  to  6  years,  2,50U;  toi 
those  from  7  to  9  years,  3,500,  and  for  those  from  10 
to  12  years,  4,500.  For  children  more  than  12  but  not 
more  than  15  years  of  age,  5,000  units  is  required,  and 
for  those  from  16  to  20  years  of  age,  6,000  units.  Allow¬ 
ances  in  all  these  instances  may  be  less  if  provided  by 
vitamin  A  and  greater  if  provided  chiefly  by  the  pro¬ 
vitamin  carotene. 


Toxicity— It  is  extremely  difFcult  to  evaluate  the 
few  reports  concerning  the  injurious  effects  on  man 
following  ingestion  of  cod  liver  oil.  Owing  to  the 
general  favorable  clinical  experience  obtained  in  the  use 
of  cod  liver  oil  and  other  preparations  containing  vita¬ 
min  A,  extreme  care  must  be  taken  to  be  certain  that 
cod  liver  oil  is  harmful  before  its  administration  is 
discontinued.  Administration  of  from  50,000  to  300,000 
or  more  U.  S.  P.  units  of  vitamin  A  daily  for  as  long 
as  two  to  six  months  or  more  has  not  been  followed 
by  any  harmful  effects.^^ 


EFFECT  OF  DEFICIENCY  OF  VITAMIN  A 

In  Relation  to  Infection. — Few  investigators  doubt 
that  severe  deficiency  of  vitamin  A,  or  any  vitamin,  will 
lower  resistance  to  infection,  and  almost  all  will  agree 
that  administration  of  vitamin  A  during  the  course  of 
any  infection  will  have  little  beneficial  effect  on  the 
outcome  unless  such  a  deficiency  is  present.  Some 
workers  believe  that  the  frequency  and  high  mortality 
rate  in  pneumonia  of  infants  who  are  deficient  in 
vitamin  A  result  from  a  disturbance  of  function  of  the 
mucosa  of  all  parts  of  the  lungs.  Others  believe  that 
administration  of  vitamin  A  in  large  amounts  is  bene¬ 
ficial  in  preventing  common  infections  of  the  respiratory 
tract.  This  subject,  however,  is  in  general  extremely 
controversial.  Enough  evidence  indicates  that  there 
are  many  other  factors  of  equal  or  greater  influence 
in  infection  than  vitamin  A  and  that  there  is  no  justifi- 
cation  for  calling  vitamin  A  the  “anti-infection  vitamin.” 
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Ocular  Changes. — That  night  blindness  is  directlv 
related  to  poor  nutrition  has  been  recognized  for  some 
time.  Experimentally  it  is  now  established  that  vita¬ 
min  A  is  the  precursor  of  visual  purple  as  well  as 
the  product  of  its  decomposition.  Apparently  vita¬ 
min  A  unites  in  the  retina  with  a  protein  to  form 
visual  purple.  This,  of  course,  takes  place  continuously 
and  depends  on  a  sufficient  supply  of  vitamin  A.  Expo¬ 
sure  of  the  retina  to  light  leads  to  a  chemical  change 
which  is  reversible  but  which  is  not  always  efficient, 
and  therefore  needed  supplies  of  vitamin  A  must  always 
be  available.  Not  only  does  vitamin  A  play  a  part 
in  metabolism  of  visual  purple  (rhodopsin),  but  it  is 
also  important  in  the  formation  of  visual  violet  (iodop- 
sin),  which  is  present  in  the  retinal  cones. Not  only 
does  deficiency  of  vitamin  A  produce  night  blindness 
but,  experimentally,  it  has  been  demonstrated  that 
severe  deficiency  of  vitamin  A  may  result  in  structural 
breakdown  of  the  retina  itself.^®  Night  blindness,  as 
recognized  clinically,  perhaps  is  associated  most  fre¬ 
quently  with  cirrhosis  of  the  liver, gastrocolic  fistula 
and  forms  of  severe  chronic  diarrhea. 

It  has  been  thought  that  night  blindness  was  one  of 
the  earliest  symptoms  of  deficiency  of  vitamin  A,  but 
Kruse  suggested  recently  that  even  earlier  changes 
of  deficiency  may  be  detected  by  bioniicroscopic  exami¬ 
nation.  In  a  study  of  143  persons  in  the  low  income 
group  it  was  reported  that  45  per  cent  had  gross  and  54 
per  cent  had  microscopic  ocular  lesions  (xerosis  coii- 
junctivae)  characteristic  of  avitaminosis  A.  It  also  was 
suggested  that  xerosis  conjunctivae  probably  precedes 
night  blindness  as  an  early  sign  of  deficiency  of  vita¬ 
min  4  Kruse  suggested  that  this  condition  is  prevalent 
in  the  population  at  lafge,  and  he  also  pointed  out  that 
a  vascular  reaction  of  the  eyes  of  these  patients  is 
distinct  from  that  noted  as  a  result  of  deficiency  of 
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riboflavin.  Others  have  reported  that  follicular  con¬ 
junctivitis  occurring  ’among  children  appaiently  is  a 
result  of  deficiency  of  vitamin  A.  These  workers 
pointed  out  that  the  administration  of  from  25,000 
to  38,000  U.  S.  P.  units  of  vitamin  A  daily  did  not 
result  in  any  more  rapid  healing  than  if  only  15,000 
U.  S.  P.  units  had  been  given.  Apparently,  in  treat¬ 
ment  of  conditions  with  vitamin  A,  a  -time  factor  oper¬ 
ates  which  limits  the  rate  of  healing  of  a  lesion. 
Apparently  excessive  intake  of  vitamin  A  does  not 
increase  this  rate  proportionately. 

Epithelium. — Dryness  and  scaliness  of  the  skin  are 
perhaps  some  of  the  earliest  manifestations  of  involve¬ 
ment  of  the  skin  resulting  from  deficiency  of  vitamin  A. 
Within  the  past  few  years  several  investigators  have 
reported  cases  in  which  cutaneous  lesions  were  present 
and  which  were  considered  the  result  of  deficiency  of 
vitamin  A.^®  One  type  of  lesion  is  characterized  by 
small  pustules  wbich  appear  around  the  hair  follicles 
or  extensor  surfaces  of  the  upper  and  lower  extremities, 
on  the  shoulder  and  on  the  lower  part  of  the  abdomen 
and  buttocks.  These  pustules  vary  in  diameter  up  to 
5  mm.,  are  hard  and  deeply  pigmented  and  have  a  sur¬ 
rounding  zone  of  deep  pigmentation.  An  epithelial 
plug  is  in  the  center  of  the  lesion  which,  when 
expressed,  leaves  a  crater.  Other  writers  have 
described  a  type  of  lesion  which  resembles  in  many 
ways  the  pustule  of  acne,  with  the  exception  that 
pustulation  is  uncommon.  It  is  believed  that  kera¬ 
tosis  pilaris,  ichthyosis  follicularis  and  other  synonyms 
are  descriptive  terms  for  the  cutaneous  manifestations 
of  deficiency  of  vitamin  A.  In  treatment  of  such 
conditions  daily  doses  of  100,000  to  300,000  inter¬ 
national  units  of  vitamin  A  is  given  for  two  or  three 
months  before  beneficial  eft'ects  are  noted.  It  is  pointed 
out  that  response  of  cutaneous  lesions  to  vitamin  A 
is  slow,  depending  as  it  does  on  anatomic  repair. 
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Recently  evidence  has  been  reported  which  indi¬ 
cates  that  vernix  caseosa  is  a  manifestation  of  deficiency 
of  vitamin  A  of  newborn  infants  and  that  it  represents 
disturbances  in  cornification  analogous  to  the  dermal 
changes  noted  in  other  manifestations  of  deficiency  of 
vitamin  A.  This  work  has  not  yet  been  confirmed. 

A  majority  of  investigators  have  failed  to  find  any 
relation  between  the  presence  of  calculi  in  the  urinary 
tract  and  a  diet  deficient  in  vitamin  A,  in  spite  of  sug¬ 
gestive  experimental  evidence  in  this  direction. 

Liver— li  has  been  established  that  the  liver  plays 
a  major  role  in  the  metabolism  of  vitamin  A,  but  the 
exact  manner  in  which  this  is  accomplished  is  not 
known.  It  has  been  known  for  many  years  that  kera¬ 
tomalacia  and  night  blindness  accompany  diseases  of 
the  liver,  and  recently  these  conditions  have  been 
reported  “  in  association  with  obstructive  biliary  cir¬ 
rhosis.  Others  have  demonstrated  deficiency  of  vita¬ 
min  A  in  cirrhosis  of  the  liver  not  associated  with 
jaundice.  Many  others  have  demonstrated  repeatedly 
that  the  vitamin  A  in  the  liver  and  blood  of  patients 
who  have  severe  hepatic  injury  nearly  always  is 
decreased  considerably It  has  been  suggested  that 
since  pathologic  conditions  of  the  liver  result  in  mcom- 
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plete  transformation  of  carotene  into  vitamin  A,  fish 
liver  oil  should  be  given  in  preference  to  carotene  in 
the  treatment  of  hepatic  disease.^'' 

It  is  obvious  that  deficiency  of  vitamin  A  also  may 
result  from  poor  absorption  of  the  vitamins,  such  as 
may  occur  in  diarrhea, celiac  disease  and  various 
diseases  of  the  liver  in  which  the  flow  of  bile  is  dis¬ 
rupted.^® 

METHODS  FOR  MEASURING  DEFICIENCY  OF 
VITAMIN  A 

Dark  Adaptation. — The  fact  that  night  blindness 
is  an  early  symptom  of  deficiency  of  vitamin  A  led 
to  the  development  of  visual  adaptation  in  dim  light 
as  a  method  for  the  diagnosis  of  deficiency  of  vita¬ 
min  A.  Whether  deficiency  of  vitamin  A  can  be  mea¬ 
sured  by  testing  adaptation  to  dark  continues  to  be  a 
most  controversial  subject.  Some  contend  that  this 
method  is  satisfactory  for  measuring  deficiency  of  vita¬ 
min  A.^®  Others  contend  that,  although  some  rela- 
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tion  exists  between  readings  of  the  biophotoineter  and 
of  nutrition  of  vitamin  A,  yet  the  relation  is  not 
close  enough  to  warrant  use  of  the  test  as  a  means 
of  diagnosis  of  subclinical  deficiency  of  vitamin  A. 
It  has  been  pointed  out  that  the  method  is  time 


consuming,  and  for  this  reason  alone  its  routine 
clinical  use  practically  is  ruled  out.  Certainly,  minor 
fluctuations  in  dark  adaptation  in  terms  of  deficiency 
of  vitamin  A  should  receive  little  emphasis  unless  the 
physical  methods  are  used  to  test  the  reliability  of 
the  differences.  It  is  true  that  a  majority  of  workers 
believe  that  the  study  of  dark  adaptation  can  be  used 
as  a  test  for  deficiency  of  vitamin  A,  but  until  differ¬ 
ences  in  technic  and  in  interpretation  of  results  have 
been  resolved  it  is  impossible  to  be  certain  how  far 
recorded  observations  represent  physiologic  facts.  In 
fact,  by  placing  human  beings  on  a  diet  deficient  in 
vitamin  A  over  long  periods,  some  investigators  have 
been  unable  to  produce  clinical  night  blindness  or  even 
changes  in  dark  adaptation.  It  may  be,  as  stated  by 
Josephs,®^  that  all  this  discrepancy  may  be  the  result 
of  lack  of  knowledge  of  methods  for  determining  suffi¬ 
cient  storage  of  vitamin  A. 

No  definite  correlation  between  biophotometer  read¬ 
ings  and  the  content  of  vitamin  A  in  the  blood  has 
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been  observed.^"  Although  it  has  been  demonstrated 
that  the  amount  of  vitamin  A  in  the  blood  is  dependent 
on  the  amount  in  the  diet,  yet  evidence  as  to  whether 
determination  of  vitamin  A  in  the  blood  is  of  value 
in  judging  the  nutritional  status  is  still  contradictory. 
Recently  evidence  has  been  presented  which  suggests 
that  the  concentration  of  vitamin  A  in  the  blood  plasma 
is  a  conside*ably  more  sensitive  indicator  of  deficiency 
of  vitamin  A  than  the  dark  adaptation.^^ 

The  same  contradictory  evidence  is  presented  for 
measuring  vitamin  A  by  examination  of  scrapings  from 
the  eye  and  vagina.  From  all  these  studies  it  would 
be  judged  that  the  methods  for  measuring  deficiency 
of  vitamin  A  of  man  still  are  somewhat  unreliable  and 
demand  further  study.  Among  some  physicists  and 
chemists  there  still  is  doubt  whether  the  small  quanti¬ 
ties  of  vitamin  A  present  in  the  blood  stream  of  man 
can  be  measured  with  the  chemical  methods  available. 
There  are  others  who  feel  that  no  satisfactory  chemical 
methods  can  be  developed  until  the  storage  capacity 
of  the  body  for  vitamin  A  can  be  estimated  in  some 
degree. 

VITAMIN  D 

Since  the  time  (1922)  of  McCollum’s  demonstration 
that  vitamin  D  is  distinct  from  vitamin  A,  this  vitamin 
(D)  has  received  perhaps  the  greatest  universal  atten¬ 
tion  of  any.  Here,  in  the  early  history  of  nutritional 
investigation,  was  found  a  substance  which  was  of  value 
in  the  prevention  and  cure  of  a  disease. 


chemical  aspects 

Some  ten  forms  of  vitamin  D  are  known,  but  only 
two  of  them  are  of  practical  importance.  One  is 
ergosterol,  which  on  exposure  to  ultraviolet  light 
becomes  viosterol  (a  name  adopted  by  the  Council  on 
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Pharmacy  and  Chemistry  of  the  American  Medical 
Association).  The  other  form  of  vitamin  D  of  practical 
use  is  activated  7-dehydrocholesterol.  This  substance 
is  present  in  animal  fats,  and  its  active  form  is  produced 
in  the  skin,  feathers  or  furs  of  animals  exposed  to  sun¬ 
light  or  other  sources  of  ultraviolet  waves.®®  Successful 
synthesis  of  compounds  related  to  the  antirachitic  vita¬ 
mins  has  been  reported,  and  it  is  hoped  tlmt  a  suitable 
product  soon  will  be  available.®® 


PHYSIOLOGIC  ASPECTS 

The  active  vitamin  D  formed  in  the  skin  is  absorbed 
by  the  blood.  When  the  vitamin  is  ingested  it  is  readily 
absorbed  from  the  intestinal  tract  if  adequate  amounts 
of  bile  salts  are  present.  Results  of  recent  investiga¬ 
tions  indicate  that  the  salts  of  desoxycholic  acid  may 
be  particularly  concerned  with  the  absorption  of  the 
liposoluble  vitamins. 

The  chief  storehouse  of  vitamin  D  in  the  human 
being  is  the  liver,  but  significant  amounts  are  stored 
also  in  the  skin,  brain,  lungs,  spleen  and  bones.®' 
Moreover,  although  the  liver  is  the  chief  storehouse 
of  the  vitamin,  normal  hepatic  function  is  necessary  to 
promote  the  antirachitic  action  of  vitamin  D. 

The  body  apparently  has  great  powers  for  the  con¬ 
servation  of  vitamin  D.  Studies  on  the  excretion  of 
vitamin  D  are  lacking,  but  it  is  known  that  small  doses 
of  vitamin  D  will  exert  an  influence  which  endures 
for  several  weeks  and  that  large  doses  of  it  are  care¬ 


fully  preserved  for  a  long  time. 

Concentration  of  vitamin  D  in  the  blood  has  been 
studied  inadequately,  and  in  view  of  methods  presently 
available  such  studies  are  impracticable  for  even  a  well 
equipped  laboratory  to  carry  out.“ _ 
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The  exact  role  of  vitamin  D  in  the  metabolism  of 
calcium  and  phosphorus  still  is  not  fully  established. 
The  action  of  vitamin  D  on  calcium  and  phosphorus 
metabolism,  however,  seems  to  be  concerned  chiefly 
with  absorption  of  the  elements  from  the  intestinal  tract. 
In  carefully  conducted  studies, it  has  been  reported 
that  one  of  the  first  signs  of  deficiency  of  vitamin  D 
is  the  decrease  in  the  amount  of  calcium  in  the  urine, 
followed  by  an  increase  of  calcium  in  the  stool  which 
progresses  with  the  deficiency  until  a  negative  calcium 
balance  exists.  The  changes  in  the  metabolism  of  i)hos- 
phorus  dififer  only  in  the  fact  that  the  urinary  excretion 
of  phosphorus  is  increased.  These  changes  can  be 
reversed  with  very  small  doses  of  vitamin  D.  Results 
of  other  studies  tend  to  confirm  these  observations.^" 
There  exists  in  the  body  an  enzyme,  phosphatase, 
which  is  related  intimately  to  phosphorus  metabolism. 
Its  exact  function  in  the  serum  is  not  known,  but  in 
active  rickets  the  value  for  phosphatase  in  the  serum 
is  high.  The  administration  of  vitamin  D  under  these 
circumstances  decreases  the  concentration  toward  nor¬ 
mal  but  more  slowly  than  it  increases  the  concentration 
of  calcium  and  phosphorus. 


DISTRIBUTION,  HUMAN  REQUIREMENT  AND 


TOXICITY 


Vitamin  D  is  an  essential  vitamin  but  is  contained 
in  only  a  few  of  the  foods  in  the  average  American 
diet.  Small  amounts  are  present  in  eggs,  herring, 
sardines,  tuna  and  salmon,  either  fresh  or  canned.^ ^ 
Contrary  to  a  popular  misconception,  butter  contains 
only  a  very  small  amount  of  vitamin  D. 

Since  the  average  diet  furnishes  so  little  vitamin  D, 
it  must  be  assumed  either  that  the  requirement  of 
vitamin  D  for  man  is  extremely  low  or  that  his  needs 


M:-'  D  in  the  Calcium  Metabolism  in 

Osteomalacia,  Chinese  M.  J.  57:  101-118  (Feb.)  1940.  Liu,  S.  H.-  Chu 

T.  Y.:  Calcium  and  Phosphorus 
.letabolism  m  Osteomalacia:  IX.  Metabolic  Behavior  of  Infants  Fed 
mi  Breast  Mdk  from  Mothers  Showing  Various  States  of  Vitamin  D 
Nutrition  J.  Chn.  Investigation  19:  327-347  (March)  1940.  Chu  H  I- 
Liu,.S.  H.;  Yu,  T.  F.;  Hsu,  H.  C.;  Cheng,  T.  Y.  and  Chao  Hr'! 
Calcium  and  Phosphorus  Metabolism  and  Osteomalacia:  X  ’  Further 
Studies  on  Vitamin  D  Action:  Early  Signs  of  Depletion  and  Effect  of 
Minimal  Doses,  ibid.  19:  349-363  (March)  1940  c-nect  ot 
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usually  are  provided  by  exposure  to  sunshine.  The 
requirement  of  vitamin  D  during  adult  life,  therefore, 
remains  to  be  determined.  Vitamin  D  undoubtedly 
is  necessary  for  older  children  and  adult  persons,  and 
when  not  available  from  sunshine  it  should  be  provided, 
probably  up  to  the  minimal  amounts  recommended  for 
infants.  During  pregnancy  and  lactation  and  for  chil¬ 
dren  under  a  year  of  age,  400  to  800  international  units 
of  vitamin  D  is  the  daily  requirement  recommended 
by  the  Food  and  Nutrition  Board  of  the  National 
Research  Council.  In  administering  antirachitic  agents 
the  physician  should  think  in  terms  of  units  of  vita¬ 
min  D,  since  this  is  the  only  way  in  which  the  doses 
of  the  various  substances  containing  vitamin  D,  which 
differ  greatly  in  volume,  can  be  reduced  to  a  common 
denominator. 

When  doses  of  vitamin  D  many  times  the  therapeutic 
dose  are  administered  to  animals,  certain  pathologic 
changes  are  noted.  In  the  human  being,  however,  no 
serious  toxic  effects  have  been  reported  in  cases  in 
which  doses  of  as  much  as  1,000,000  units  have  been 
administered  to  rachitic  children.'*-  Some  adult  persons 
treated  with  large  doses  of  vitamin  D  have  complained 
of  nausea,  headache,  diarrhea,  anorexia,  urinary  fre¬ 
quency  and  lassitude.  If  renal  insufficiency  exists,  it 
might  be  feared  that  some  degree  of  toxicity  would 
result  from  overdosage  with  vitamin  D.'*® 


CLINICAL  USE 

Little  can  be  added  to  the  comprehensive  article  by 
Jeans  and  Stearns  on  the  clinical  usefulness  and 
available  sources  of  vitamin  D  which  appeared  in  the 
symposium  on  vitamins  sponsored  by  the  American 
Medical  Association  in  1939.  This  and  several  other 
comprehensive  reviews  deal  most  adequately  with  this 
problem,  and  there  seems  little  need  of  much  repetition. 
Other  sections  to  be  presented  in  this  review  also  will 
deal  with  the  clinical  use  and  value  of  vitamin  D. 

42.  Gunnarson.  Siv:  Treatment  of  Rickets  with  a  Single  Massive  Dose 

of  Vitamin  Dj.  Acta  pae^at  35 :  69-81,  Toxicity  of  Hyper- 

43.  Opper,  Lincoln:  Effect  of  /Mav)  1941.  Tumulty, 

p'‘‘A'”°and  Howafd“i  e"  iSi.f.dESoLrol  Poisoning:  Report  of 
t'wo  Cases,  J.  A.  M.  A.  199:233-236  ^ai^Requirement  of 

fn  AoScao“Tedio^rL.«cia.too, 

1939,  pp.  483-512.  n  Therany  J.  Mt.  Sinai  Hosp.  8; 

45  Kramer,  Benjamin:  Vitamin  U  inerapy,  j 

188-209  (Sept.-Oct.)  1941.  Park.«> 
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The  suggestion  made  by  Park/®  howevei ,  in  t  le 
treatment  of  rickets  will  again  bear  emphasis.  For 
preventive  measures  the  importance  of  comrnencing 
administration  of  the  vitamin  early  and  reaching  the 
full  dose  “certainly  by  the  end  of  the  second  month’ 
of  the  infant’s  life  cannot  be  repeated  too  often.  ^  In 
the  active  treatment  of  rickets,  milk  containing  vita¬ 
min  D  does  not  exhibit  sufficient  activity  to  end  the 
disease  abruptly,  and  doses  of  vitamin  D  sufficient  to 
furnish  1,000  U.  S.  P.  units  daily,  or  even  10,000  to 
20,000  units  to  premature  infants,  may  be  required. 

The  treatment  of  active  rickets  with  large,  single 
parenteral  doses  of  vitamin  D  has  received  considerable 
attention  during  the  past  two  years.'*^  Administration 
of  500,000  to  1,000,000  U.  S.  P.  units  of  vitamin  D 
to  children  who  had  rickets  (including  premature 
infants)  has  been  followed  by  rapid  healing  without 
clinical  evidence  of  toxicity. 

Many  other  diseases  unrelated  to  rickets  have  been 
reported  as  benefited  by  the  administration  of  vita¬ 
min  D.  Pemphigus,^®  chronic  ulcers  of  the  extremi¬ 
ties  and  psoriasis  are  only  a  few  conditions  reported 
as  benefited  thereby.  Most  of  the  results  reported  have 
not  been  confirmed. 


VITAMIN  E 


When  it  is  compared  to  the  other  vitamins,  vitamin  E 
assumes  a  rather  unsatisfactory  position,  since  it  has 
never  been  demonstrated  that  a  deficiency  of  this  sub¬ 
stance  occurs  in  man.  As  early  as  1922  the  necessity 
of  this  factor  (then  called  “factor  X”)  was  recognized 
in  animals,  and  in  spite  of  a  host  of  brilliant  chemical 
and  physiologic  discoveries  clinical  attempts  at  applica¬ 
tion  of  this  knowledge  have  resulted  only  in  controversy. 


f  Therapy  of  Rickets,  J.  A.  M.  A.  115:  370-379 

(Aug.  3)  1940. 

47._  Strom,  Justus:  The  Treatment  of  Spasmophilia  with  a  Single 
Massive  Do^  of  Vitamin  D2,  Acta  paediat.  25:251-265,  1939  Vollmer 
Hermann:  Treatment  of  Rickets  and  Tetany  by  Parenteral  Admirii^ra: 

yitamin  D,  J.  Pediat.  16:  419-432  (April) 
1940.  Zelson,  Carl :  Prevention  of  Rickets  in  Premature  Infants  with 

17:73T8 

.49.  Brandaleone,  Harold:  The  Effect  of  the  Direct  AnDlicatirin  r  a 
Liver  Oil  on  the  Healing  of  Ulcers  of  tlic  of  Cod 

betes  Mellitus,  Ann.  Surg.  108:141-152  (Jufy)  1938^^^'^"*® 
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CHEMICAL  AND  PHYSIOLOGIC  PROPERTIES 


Recent  advances  in  the  knowledge  of  vitamin  E  have 
been  confined  in  a  large  measure  to  the  field  of  chem¬ 
istry  and  experimental  animal  physiology.  Details  of 
these  advances  may  be  found  in  journals  or  books 
devoted  to  this  subject.®^  Suffice  it  herein  to  say  that 
there  are  now  more  than  one  hundred  and  thirty  com¬ 
pounds  which  exhibit  vitamin  E  activity.  The  most 
active  of  these  compounds  are  the  tocopherols.  The 
tocopherols  are  readily  soluble  in  lipoid  solvents,  resist 
high  temperatures  and  lose  their  activity  in  the  presence 
of  mild  oxidizing  agents.  It  has  been  postulated  that 
in  the  living  organism  vitamin  E  might  act  as  a  respi¬ 


ratory  enzyme. 

In  animals  a  lack  of  vitamin  E  manifests  itself  chiefly 
by  changes  which  it  causes  in  the  reproductive  mecha¬ 
nism  and  in  the  muscular  and  nervous  systems.  In  the 
female  rat  conception  is  followed  by  “resorptive  ster¬ 
ility,”  and  in  the  male  rat  degeneration  of  the  germinal 
epithelium  and  spermatozoa  develops  to  the  point^  of 
complete  loss  of  reproductive  power.  Absence  of  vita¬ 
min  E  in  certain  animals  (rabbits  and  guinea  pigs)  is 
followed  by  muscular  dystrophy  and  a  characteristic 
paralysis  of  the  hindquarters.  In  other  animals  (chicks) 
encephalomalacia  and  exudative  diathesis  may  develop. 


51  Mattill  H.  A.;  Vitamin  E,  in  The  Vitamins,  Chicago,  American 

Medical  Association,  1939,  pp.  575-596.  Smith,  L.  I.:  The  Cl^m^try 
Vitamin  £  Chem.  Rev.  37 ;  287-329  (Oct.)  1940.  Vitamin  E,  New 
Yorl  Chemical  Publishing  Co.  Inc..  1940.  Evans,  H  AL;  Emerson, 

O.  H.r  &n.rso„  G  A.;  f ani TW 

Chemistry' of  Vitamin' E:  Xlil.  Specificity  and  Relationship  Iteuveen 
Chemical  Structure  and  Vitamin  E  Activity,  J.  Organ.  Cheim 
f  Sent  I  1939.  Ridgway,  R.  R. :  Drummond,  J.  C.,  and  Wnght,  ..lar- 
earet  D  •  The  Biological  Activity  of  the  Oxidation  Products  of  a- 

Ac^ivitS  Comp^Ju5|%‘eSed"’to 
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Cure  of  Nutrition^  Muscular  Dystrop  yi.^^^  j.  Nutrition  19:  345- 
Tocopherol  and  Its  Effect  on  Cre^ine  IV  ■  Degeneration  in  Young 

&V'K'a’re]”c;;  ariir^r'^atfd  “vitan!!”' E  n“.fi*cient  Ration.  Arph. 
Path.  31:603-612  (Ma^)  1941. 
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The  possible  relationship  of  vitamin  E  to  the  glands 
of  internal  secretion  and  to  the  growth  of  tumors  has 
stimulated  a  great  amount  of  experimental  work,  but 
results  are  completely  controversial. 

Several  methods  exist  for  the  chemical  and  biologic 
estimation  of  vitamin  E,  but  they  are  of  little  impoitance 
to  the  clinician. 


SOURCES,  HUMAN  REQUIREMENT  AND  TOXICITY 

Wheat  germ  oil  is  the  richest  source  of  vitamin  E, 
but  this  vitamin  also  is  found  in  considerable  amounts 
in  cottonseed  oil,  lettuce  oil,  rice  germ  oil  and  other 
seed  germ  oils.  The  human  recjuirements  of  vitamin  E 
are  completely  unknown. 

No  toxic  reactions  have  been  reported  in  cases  in 
which  small  doses  were  administered,  and  large  doses 
of  wheat  germ  oil  have  given  rise  only  to  minor  symp¬ 
toms.  The  danger  of  the  production  of  neoplasms  after 
the  continued  ingestion  of  large  doses  of  tocopherols 
appears  to  be  nonexistent. 


CLINICAL  USE 

If  the  physician  makes  only  a  cursory  appraisal  of 
the  current  literature  he  may  be  led  to  believe  that  in 
vitamin  E  he  has  a  potent  weapon  for  his  attack  on 
habitual  abortion,  sterility,  menstrual  disturbances  and 
various  myoneurogenic  diseases.  A  critical  analysis  of 
these  numerous  reports,  however,  tends  to  stem  over- 
enthusiasm.®^ 


The  Reproductive  System. — A  number  of  papers  in 
which  the  treatment  of  habitual  abortion  with  vitamin  E 
is  considered  have  appeared,  but  when  one  considers 
the  inherent  difficulty  of  making  the  diagnosis  of 
habitual  abortion,  plus  the  absence  of  knowledge  of  the 
outcome  in  cases  in  which  treatment  is  completely  lack¬ 
ing,  then  one  is  impressed  with  the  almost  complete 
futility  of  attempting  to  arrive  at  any  justifiable  con¬ 
clusion.  The  physician,  however,  must  not  become 


L.,  and  Wright,  M.  D.:  Studies  on 
the  Relationship  of  Vitamin  E  (Tocopherols)  to  the  Endocrine  System 
Endocrinology  1 :  275-286  (Nov.)  1939.  Biddulph,  C.,  and  Meyer,  R.  K  ’ 
the  Influence  of  yitamin  E-Deficiency  on  the  Endocrine  Glands  of  Rats’ 
Particularly  on  the  Gonadotropic  Hormone  Content  of  the  Pituitary 
Gland,  Am.  J.  Physiol.  132:259-271  (Feb.)  1941.  ^ 

Habitiml  Abortion  with  Vitamin  E,  Report  of 
the  Council  on  Pharmacy  and  Chemistry,  J.  A.  M.  A  114-2214  29i« 
(June  1)  1940.  Evans,  H.  M.:  The  Wifliam  Henry  Welch  Lectures 
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iconoclastic  but  must  keep  an  open  mind  on  this  subject 
and  await  results  of  further  study.®'‘ 

Vitamin  E  has  been  used  in  the  treatment  of  various 
other  disturbances  of  the  reproductive  system,  includ¬ 
ing  male  and  female  sterility,  menstrual  disturbances, 
toxemias  of  pregnancy,  faulty  lactation  and  vaginal 
pruritus.  The  reported  results  are  at  variance  and 
cannot  be  accepted  until  further  evidence  has  been 
accumulated. 

Myoneurogenic  Disturbances. — During  the  past  two 
years  clinicians  have  concerned  themselves  with  the 
possible  benefit  of  vitamin  E  in  the  treatment  of  vari¬ 
ous  neuromuscular  disturbances.  The  encouragement 
aroused  by  early  reports  on  the  treatment  of  amyo¬ 
trophic  lateral  sclerosis  with  vitamin  E  was  short  lived. 
More  extensive  studies  soon  followed  and  the  results 
were  discouraging  in  treatment  of  both  amyotrophic 
lateral  sclerosis  and  various  forms  of  dystrophy. 
Wechsler’s  reports,®^  however,  continue  to  show  favor¬ 
able  results  in  the  treatment  of  amyotrophic  lateral 
sclerosis.  He  suggested  that  the  therapeutic  doses 


54.  Widenbauer,  F. ;  Versuche  mit  Weizenkeimol  (vitamin  E)  bei  der 
Aufzucht  von  Fruhgeburten,  Ztschr.  f.  Kinderh.  60  :  216-221  (Oct.  15) 
1938.  Bacharach,  A.  L. :  Vitamin  E  and  Habitual  Abortion,  Brit.  M.  J. 
1'890  (June  1)  1940.  Mulherin,  C.  M.:  Vitamin  E  in  Obstetrics,  Bull. 
Univ.  Hosp.  Augusta,  Ga.  3:4-7  (March)  1941.  Almquist,  H.  J.,  and 
Klose  A.  A.:  Comparative  Activities  of  Certain  Antihemorrhagic  Com¬ 
pounds,  Proc.  Soc.  Exper.  Biol.  &  Med.  45:55-59  (Oct.)  1940. 

55.  Bicknell,  Franklin:  Vitamin  E  in  the  Treatment  of  Muscular 

Dystrophies  and  Nervous  Diseases,  Lancet  H  c  i  ° 

Wechsler,  I.  S.:  Recovery  in  Amyotrophic  Lateral  Sclerosis  treated 
with  Tocopherols  (Vitamin  E) :  Preliminary  Report,  J.  A.  M.  A.  114. 
948-950  (March  16)  1940.  Stone,  Simon:  Treatment  of  Muscular 

Dystrophies  and  Allied  Cpnditions:  Preliminary  Report  on  Use  ot 
Vitamin  E  (Wheat  Germ  Oil),  ibid.  114 :  2187-2191  (June  D  19  . 

56  Shelden,  C.  H.:  Butt,  H.  R.,  and  Woltman,  H.  W.:  Vitamin  E 
(Synthetic  Alpha-Tocopherol)  Therapy  in  Certain  Neurologic  Disorders. 
Pr^  Staff  Meet.,  Mayo  Clin.  15:  577-580  (Sept.  11)  1940  Doyle, 

and  Merritt,  H.  H.:  Vitam^in  Jherapy  of  Diseases  of  the  Neu^^^^^ 
muscular  Apparatus,  Arch.  Neurol.  &  Psychiat.  ^5 .  fj^6^ "‘J. 
1941  Denker.  P.  G.,  and  Scheinman,  Leonard.  Treatment  of  Amyo 
trophic  Lateral  Sclerosis  with  Vitamin  E  (Alpha-Tocopherol),  J.  A.  M.  A. 
lie-  1893-1895  (April  26)  1941.  Ferrebee,  J.  \\L:  Klingman,  W.  O., 

and  Frantz  a1  M  :  Vitamin  E  and  Vitamin  Be;  Clinical  Experience  in 
the  Treatment  of  Muscular  Dystrophy  and  Amyotrophic  Lateral  Sclerosis, 
116-  1895-1896  (April  26)  1941.  McBryde,  Angus,  and  Baker, 
L.^b.?  Vitimin  Th«i7S  Progressive  Muscular  Dys.r.ph,:  V.um.n 

L,  Other  Factors  of  the  B  Complex,  and  Vitamin  E,  J.  Pediat  ^8  J 

731  (June)  1941.  Worster-Drougnt.C.,  and  Shafar,  J..  Motor  Neu^o^^ 

Degeneration  Treated  with  Vitamin  E,  .  V  u*  Effects  of  Synthetic 

Harris  M  M  :  Negat  ve  Therapeutic  and  M^abolic  Ettects 

Sph"-T^opherol  (Vitamin  E)  jn  Muscular  Dyf^^P^'M^cArdle  Brian 
20^2*  258-264  (Aug.)  1941.  Fitzgerald,  Gerald,  ^d  McArdle,  mian. 
^"umiu,  I  and  B.%  faTreaouen.  of  Muscular  Dys.r.ph,  and  Motor 
Neurone  Disease,  Brain  64;  19-42  (March)  1941.  ,  .  -  «  Cpi^-nejc 

57.  Wechsler,  I.  S. :  The  Treatment  of  Amyotrophic 

with  Vitamin  E  (Tocopherols).,  Am  J.  M.  Sc.  800 .  765  77^  (JJ  g  ^  ^  ; 
Wechsler,  I.  S.:  Amyotrophic  Lt-'»^'Sderosis  Treated  with ^ 

Vitamin  E,  Areh.  Neurol.  &  Psychiat.  45:873-875  (May) 
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previously  used  were  too  small  and  implied  that  150  to 
300  mg,  given  intramuscularly,  and  200  mg.  or  more 
given  by  mouth,  might  be  an  adequate  daily  dose  of 
alpha-tocopherol. 

Since  investigation  in  this  field  is  relatively  new, 
physicians  must  completely  reserve  their  answer  to  the 
question  “What  can  we  expect  of  vitamin  E  in  ^  the 
treatment  of  human  myoneurogenic  disturbances?” 

VITAMIN  K 

In  the  review  of  vitamins  sponsored  by  the  American 
Medical  Association  in  1939,  vitamin  K  appeared  under 
the  section  entitled  “Other  factors;  less  well  known 
vitamins.”  This  fact  in  itself  emphasizes  how  rapid  has 
been  the  increase  in  knowledge  of  this  vitamin.  In  this 
brief  review  no  attempt  will  be  made  to  mention  the 
large  volume  of  literature  which  has  accumulated  on 
this  subject  during  the  past  three  years.  For  details 
and  an  extensive  bibliography  the  reader  is  referred  to 
recent  monographs  and  reviews  on  the  subject.®* 


CHEMISTRY  AND  PHYSIOLOGY 


Chemistry. — In  May  1939  McKee  and  his  associates 
reported  the  isolation  of  vitamin  from  alfalfa  and 
of  vitamin  Kg  from  putrefied  fish  meal  and  presented 
evidence  to  indicate  a  quinoid  structure  of  these  vita¬ 
mins.  Independently,  several  groups  of  investigators 
reported  the  structure  of  the  vitamin  molecule  to  be 
2-methyl-3-phytyl- 1,4-naphthoquinone.  Vitamin  K2  has 
not  yet  been  prepared  synthetically,  nor  has  its  true 
structure  been  determined.  Both  vitamins  are  fat 
soluble,  and  exposure  of  the  pure  preparation  to  sun¬ 
light  and  artificial  light  results  in  a  loss  of  the  activity 
of  the  vitamin.  The  activity  also  is  destroyed  by  alkalis 
and  strong  acids.  Fieser  and  his  associates  have  inves¬ 
tigated  nearly  every  possible  modification  of  the  vitamin 
Ki  molecule,  and  in  every  instance  the  change  is 
attended  with  a  distinct  diminution  in  biologic  potency.®* 
Soon  after  it  was  demonstrated  that  vitamin  and 
Kg  possessed  a  quinoid  structure,  other  compounds 


A.  M.:  Vitamin  K,  Philadelnhia  W  P 
Saunders  Company,  1941.  Brinkhous  K  M  •  PiVm,  o  fu 

Vitamin  K,  Medicine  19:329-416  (Sept.)  i940."  Bay  RicarHn°‘^H™^!r ’ 
protrombina-vitamina  K:  (estudio  experimental  y  clini’co)  Buenns 

Bo’-  17:  139-231  (Feb  Sh)  1941  KolW^ 

'rhieme,  1941^*'""""®  ^  Bedeutung,  Leipzig,  clorg 

648’65f(Oct.)^94j.  K,  Ann.  I„t.  Med.  15: 
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possessing  this  structure  were  investigated.  It  was 
found  that  of  all  the  compounds  studied  2-methyl- 
1, 4-naphthoquinone  (menadione)  proved  to  possess  the 
strongest  antihemorrhagic  activity.  By  the  chick  assay 
method  this  compound  has  been  found  to  be  about  three 
times  as  potent  as  vitamin  at  least  on  a  basis  of 
weight.  Menadione  is  so  active  that  several  inves¬ 
tigators  have  suggested  that  it  be  adopted  as  a  basic 
standard  assay  of  vitamin  K.  Because  of  the  wide 
usefulness  of  this  compound  in  clinical  medicine,  the 
Council  on  Pharmacy  and  Chemistry  of  the  American 
Medical  Association,  on  the  recommendation  of  the 
Committee  on  Nomenclature,  authorized  menadione  as 
a  nonproprietary  name  for  this  substance.®® 

Physiology. — Pure  vitamin  Kj  has  not  been  available 
long  enough  to  allow  complete  knowledge  of  its 
physiologic  action  to  be  collected.  It  has  been  suggested 
that  vitamin  K  acts  as  a  reversible  oxidation  reduction 
catalyst.  It  has  been  suggested  that  the  reversible 
character  of  the  vitamin  may  be  used  to  explain  the 
fact  that  small  quantities  are  effective  clinically.  It  is 
known,  however,  that  the  vitamin  is  associated  in  some 
way  with  the  integrity  of  the  hepatic  parenchyma  and 
with  the  metabolism  of  prothrombin. 

The  presence  of  adequate  amounts  of  bile  salts  is 
required  for  proper  absorption  of  vitamin  K.  Recently, 
it  has  been  emphasized  that  excessive  amounts  of  liquid 
petrolatum  administered  with  meals  may  pievent  piopei 
absorption  of  this  vitamin.  Clinical  experience  with  this 
vitamin  indicates  that  it  is  not  absorbed  thiough  the 
colon  or  upper  part  of  the  ileum  but  that  it  is  absoibed 
readily  through  the  upper  part  of  the  jejunum. 

The  vitamin  apparently  is  not  stored  easily  m  the 
body,  and  clinical  work  indicates  that  what  little  is 

stored  in  the  body  is  in  the  livei.  .  • 

So  far  as  is  known,  vitamin  K  is  not  presen  in  the 
urine  but  it  can  be  demonstrated  in  the  feces. 
it  is  there  because  organisms  are  present  m  the  feces 
which  are  known  to  contain  vitamin  K  or  ']h^her  t 
presence  of  the  vitamin  in  feces  is  re  era 
excretion  of  vitamin  K  remains  to  be  established. 

So  fa,  as  is  known,  vitamin  K  at  present  has  no 
relation  to  immunity,  infection,  pregnancy,  lactation _ 

,  ^"ph£u1;r.;. 

M.  A.  11«:10S4  (M-nrch  15)  1941. 
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the  nervousness  associated  with  diseases  of  the  gastio- 
intestinal  tract  or  cardiovascular  system.  It  is  asso¬ 
ciated  intimately,  however,  with  normal  physiologic 
function  of  the  liver  and  with  proper  coagulation  of  the 
blood.  Its  exact  role  in  coagulation  of  blood  is  not 
known.  Vitamin  K  is  known  to  be  necessary  for  proper 
formation  of  prothrombin,  but  in  what  manner  this  is 
accomplished  remains  to  be  determined.  A  deficiency 
of  vitamin  K  from  any  cause  produces  a  deficiency  of 
prothrombin  in  the  circulating  blood,  and  m  all  instances, 
except  those  in  which  severe  hepatic  damage  is  present, 
this  deficiency  of  prothrombin  can  be  corrected  by 
proper  administration  of  vitamin  K  or  synthetic  com¬ 
pounds  which  possess  antihemorrhagic  activity.®^ 

SOURCES,  HUMAN  REQUIREMENTS  AND  TOXICITY 

Vitamin  K  is  distributed  widely  in  nature,  and  among 
its  richest  sources  are  green  leaves  of  different  kinds. 
Alfalfa  and  spinach  are  rich  in  the  vitamin,  and  cabbage, 
cauliflower,  carrot  tops,  soy  bean  oil  and  seaweed  are 
all  good  sources.  Less  abundant  sources  are  tomatoes, 
orange  peel  and  hemp  seed.  Seeds,  fruits  and  roots  in 
general  contain  considerably  less  vitamin  K  than  do 
green  leaves  of  different  kinds.  Parts  of  the  plant  that 
contain  chlorophyll  usually  have  the  largest  amount  of 
vitamin  K.  The  vitamin  also  is  found  in  a  number 
of  bacteria,  and  during  growth  of  bacteria  the  vitamin 
apparently  is  synthesized  and  retained.®® 

The  exact  minimal  requirements  of  vitamin  K  for 
infant,  child,  mother  or  normal  adult  have  not  yet  been 
determined.  It  has  been  suggested  that  the  requirement 
of  vitamin  K  for  newborn  infants  is  extremely  low  and 
that  possibily  1  microgram  of  synthetic  vitamin  K  is  a 
sufficient  daily  amount.  It  has  been  pointed  out  that 
there  is  no  relationship  between  the  mother’s  diet  and 
the  postpartum  level  of  prothrombin  of  newborn  infants. 
Apparently  a  completely  adequate  diet  for  the  pregnant 
woman,  as  it  is  understood  today,  is  not  sufficient  to 
protect  the  child  from  the  potential  dangers  of  hemor¬ 
rhage  resulting  from  a  deficiency  of  prothrombin.  It  is 


61.  Wilder,  R.  M.;  Browne,  H.  C.,  and  Butt,  H.  R.;  Diseases  of 
Metabolism  and  Nutrition:  Review  of  Certain  Recent  Contributions*  I 
Diseases  of  Metabolism;  II.  Nutrition,  Arch.  Int.  Med  e5*390.4fin 
(Feb.)  1940  Butt,  II.  R..  and  Leary,’ W.  V.:  Diseases  of  NutSiln: 
Review  of  Certain  Recent  Contributions,  Arch.  Int.  Med.  67*411-46'; 
(Feb.)  1941.  Butt,  Leary  and  Wilder.’' 
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known,  however,  that  pure  vitamin  or  a  synthetic 
compound  exhibiting  vitamin  K  activity,  in  doses  of 
from  1  to  2  mg.,  is  capable  of  correcting  deficiency  of 
vitamin  K  in  most  instances.  This  dose,  however, 
apparently  depends  on  the  degree  of  hepatic  damage 
present.  It  is  known  that  diarrhea  and  inadequate 
intestinal  absorption  will  increase  the  need  for  vitamin 
K-  This  general  lack  of  knowledge  of  requirements  for 
vitamin  K  undoubtedly  will  be  corrected  as  soon  as 
methods  are  developed  by  which  vitamin  K  can  be 
measured  in  biologic  material. 

Toxicity. — To  date  no  serious  untoward  reaction  has 
been  observed  among  persons  who  have  received  reason¬ 
able  therapeutic  doses  of  either  natural  concentrates  of 
vitamin  K,  synthetic  vitamin  or  any  of  the  synthetic 
compounds  exhibiting  antihemorrhagic  activity  now 
available  commercially.  An  efifect  has  not  been  noted  on 
blood  pressure,  respiration,  permeability  of  capillaries 
or  urinary  excretion  following  administration  of  any 
of  these  compounds.  It  has  been  observed,  however, 
that  doses  of  menadione  as  large  as  180  mg.  adminis¬ 
tered  orally  to  human  beings  result  in  vomiting  and 
porphyrinuria.  These  huge  doses,  however,  are  so 
obviously  greater  than  those  employed  for  therapeutic 
use  that  at  present  it  appears  safe  to  continue  thera¬ 
peutic  administration  of  these  synthetic  compounds. 
Fieser  wisely  pointed  out  that  some  clinical  considera¬ 
tion  should  be  given  to  the  possible  conflict  or  otherwise 
undesirable  characteristics  which  may  be  associated 
with  conjugates  resulting  from  administration  of 
menadione.  He  pointed  out  that  the  delayed  action 
of  the  administered  material  would  appear  to  be  subject 
to  considerable  uncertainty,  and  the  wide  opportunity 
for  transformation  of  different  types  would  lead  one 
to  expect  a  variability  in  the  resi>onse,  depending  on 
the  manner  of  administration  and  the  condition  of  the 


patient. 
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METHODS  FOR  MEASURING  DEFICIENCY  OF  VITA¬ 
MIN  K  IN  man:  assay  methods,  UNITAGE 
AND  BIOLOGIC  METHODS 

Like  every  new  vitamin,  vitamin  K  possesses  numer¬ 
ous  methods  of  assay  and  standards  of  unity.  For 
details  of  this  subject  two  articles  are  referred  to. 
The  wide  interest  in  vitamin  K  and  associated  naphtho¬ 
quinones  has  given  rise  to  the  need  for  convenient 
and  accurate  methods  for  their  estimation.  A  step 
in  this  direction  was  made  by  Trenner  and  Bacher,®* 
who  described  a  method  by  which  many  quinone-like 
substances  may  be  assayed.  Others  have  also  recently 
reported  work  in  this  direction.®® 

Of  clinical  importance  are  the  methods  by  which 
deficiency  of  vitamin  K  can  be  recognized  by  simple 
laboratory  procedures.  Several  excellent  methods  for 
measuring  deficiency  of  prothrombin  in  the  blood  of 
man  have  been  described,  but  in  the  experience  of 
many  the  method  developed  by  Quick  and  his  asso¬ 
ciates  has  been  found  adaptable  for  general  use  in  the 
clinical  laboratory.  The  method  developed  by  Warner 
and  his  associates  also  is  used  with  modification  in  many 
laboratories.®®  Details  of  these  methods  are  given  in 
several  publications.®® 

The  so-called  bedside  method  has  received  consider¬ 
able  use  and  is  reported  to  be  of  great  value  for  the 
general  practitioner.  Suitable  compact  sets  for  making 
this  measurement  at  the  bedside  are  now  available 
commercially.®"  Several  micromethods  for  measuring 


63.  Ansbacher,  S. :  Editorial  Review:  The  Bioassay  of  Vitamin  K, 
J.  Nutrition  21:1-12  (Jan.)  1941.  Almquist,  H.  J.:  Vitamin  K, 
Physiol.  Rev.  21:194-216  (Jan.)  1941. 

64.  Trenner,  N.  R.,  and  Bacher,  F.  A.:  A  Quantitative  Reduction- 
Oxidation  Method  for  the  Estimation  of  Vitamin  Ki  and  Associated 
Quinones  and  Naphthoquinones,  J.  Biol.  Chem.  137:  745-755  (Feb.) 
1941. 

65.  Irreverre,  Filadelfo,  and  Sullivan,  M.  X.:  A  Colorimetric  Test 
for  Vitamin  Ki,  Science  94 :  497-498  (Nov.  21)  1941.  Scudi,  J.  V.,  and 
Hubs,  R.  P.:  A  Colorimetric  Oxidation-Reduction  Method  for  the  Deter¬ 
minations  of  the  K  Vitamins,  J.  Biol.  Chem.  141:451-464  (Nov.)  1941. 
Warner,  E.  D.;  Brinkhous,  K.  M.,  and  Smith,  H.  P. :  A  Quantitative 
Study  on  Blood  Clotting;  Prothrombin  Fluctuations  Under  Experimental- 
Conditions,  Am.  J.  Physiol.  114:  667-675  (Feb.)  1936. 

66.  Herbert,  Freda  K.:  The  Estimation  of  Prothrombin  in  Human 
Plasma,  Biochem.  J.  34:1554-1568  (Dec.)  1940.  Souter,  A.  W.  and 
Kark,  Robert:  Quick’s  Prothrombin  Test  Simplified  by  the  Use  of  a 
Stable  Thromboplastin,  Am.  J.  M.  Sc.  200:603-607  (Nov)  1940 
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rf.  Defect  in  Hemophilia  and  in  Jaundice,  ibid  190- 
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deficiency  of  prothrombin  of  infants  also  have  been 
described  and  are  used  in  many  institutions  routinely.®® 
It  must  be  admitted  that  all  current  methods  for  the 
estimation  of  prothrombin  are,  of  necessity,  indirect. 
However,  certain  of  these  methods  of  measuring  pro¬ 
thrombin  are  the  most  nearly  accurate  methods  avail¬ 
able  at  present  for  estimation  of  the  tendency  of  a 
patient  to  bleed  in  the  presence  of  suspected  deficiency 
of  prothrombin.  The  information  afforded  by  the 
measurement  of  prothrombin  in  the  circulating  blood 
is  much  more  nearly  accurate  in  the  prediction  of  the 
tendency  of  a  patient  to  bleed  than  is  the  measurement 
of  the  coagulation  of  bleeding  time  as  formerly  used 
in  the  consideration  of  such  tendencies. 


CLINICAL  USE  OF  VITAMIN  K 


Among  Adults. — A  number  of  conditions  have  been 
reported  in  which  a  deficiency  of  prothrombin  exists 
that  can  be  corrected  by  the  administration  of  vita¬ 
min  K.®^  Deficiency  of  prothrombin  among  human 
beings  apparently  may  occur  in  any  of  the  following 
circumstances : 


1.  After  ingestion  of  a  diet  inadequate  in  vitamin  K. 
This  condition  is  rare  but  the  clinical  observation  is 
well  supported  by  the  experimental  production  of  low 
values  for  prothrombin  in  the  blood  of  rabbits  and 
mice  following  administration  of  diets  deficient  in 
vitamin  K. 

2.  With  inadequate  intestinal  absorption.  This  may 
result  from  {a)  lack  of  bile  in  the  intestine  owing  to 
decreased  secretion  of  bile  salts,  obstruction  of  the 
bile  duct  from  any  cause  or  (c)  to  inadequate  absoip- 
tion  attributable  to  various  intestinal  lesions,  such  as 
intestinal  obstruction,  and  to  short-circuiting  surgical 


68.  Kato,  Katsuji:  Microprothrombin  Jest  'vjth  Capillary  Whole  Blowl; 
A  Modification  of  Quick’s  Quantitative  Method,  Am.  J. 
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anT'KelTA  O  R. :  Prothrombin  Studies.  Especially  m  the  Newborn, 
Am.  J.  CliA.  Patf.  10;  154.167  (Feb.)  ,1940  KeUey  O  R.,  and  Bray. 
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procedures.  It  likewise  has  been  demonstrated  that 
severe  diarrheal  diseases,  such  as  ulcerative  colitis, 
sprue  or  celiac  disease,  may  result  in  a  deficiency  of 
prothrombin.'^® 

3.  Injury  to  the  liver,  d  here  is,  of  course,  con¬ 
siderable  evidence,  both  clinical  and  experimental,  to 
indicate  that  the  liver  plays  an  active  part  in  the  forma¬ 
tion  of  prothrombin  and  that  any  severe  injury  to  this 
organ  results  in  a  deficiency  of  prothrombin. 

The  story  of  deficiency  of  prothrombin  resulting  from 
obstructive  jaundice  or  from  biliary  fistula  has  been 
told  so  often  that  it  needs  no  repetition  here,  but  the 
group  of  cases  in  which  there  is  inadequate  absorptive 
surfaces  of  the  intestine  deserves  some  consideration. 
A  deficiency  of  prothrombin  as  a  cause  of  bleeding  in 
cases  of  various  intestinal  disorders  is  something  new 
in  clinical  medicine.  Although  instances  of  deficiency 
in  prothrombin  referable  to  the  effect  of  intestinal  dis¬ 
orders  are  not  often  encountered,  they  do  comprise 
a  rather  distinct  group  and  one  which  bears  close 
observation.  When  patients  who  have  extensive  disease 
of  the  intestine,  such  as  sprue,  chronic  ulcerative  colitis, 
intestinal  obstruction  or  ileitis,  or  who  have  had  mul¬ 
tiple  short-circuiting  operations  on  the  intestinal  tract 
experience  hemorrhage  either  before  or  after  surgical 
treatment,  deficiency  in  prothrombin  should  be  recog¬ 
nized  and  corrected  before  other  forms  of  treatment  are 
instituted.  One  of  the  most  important  points  in 
handling  these  conditions  is  for  the  physician  to  follow 
the  level  of  prothromhin  in  the  blood  closely  before 
and  after  operation  in  all  cases  of  abnormalities  of 
intestinal  mucosa,  particularly  in  cases  in  which  the 
postoperative  condition  requires  continued  aspiration  of 
gas  and  secretions  from  the  intestinal  tract.  This  prac¬ 
tice  has  solved  the  mystery  of  obscure  intestinal 
bleeding  which  occurs  frequently  in  such  cases  and 
definitely  has  reduced  postoperative  morbidity  and 
mortality. 
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It  has  been  well  demonstrated  clinically  that  primary 
hepatic  disease,  such  as  cirrhosis,  atrophy  or  chronic 
hepatitis,  frequently  is  accompanied  by  deficiency  of 
prothrombin.  This  deficiency  of  prothrombin  is  not 
the  result  of  deficiency  of  vitamin  K  but  apparently  is 
the  direct  result  of  severe  hepatic  damage.  Under 
these  conditions  the  deficiency  of  prothrombin  usually 
is  not  relieved  by  administration  of  vitamin  K  in  any 
amount.  It  is  well  to  recall  that  instances  of  severe 
hepatic  damage  occur  in  any  disease  in  which  the  liver 
might  be  involved,  and  although  this  group  of  cases 
is  somewhat  small  this  possibility  must  be  considered. 
It  is  true  that  frequently  repeated  doses  of  vitamin  K 
are  necessary  in  order  to  produce  the  desired  effect, 
but  when  the  usual  therapeutic  dose  of  vitamin  K  has 
been  doubled  or  tripled  without  producing  the  desired 
effect  it  is  fairly  certain  that,  regardless  of  the  amount 
of  vitamin  K  administered,  there  will  be  no  response 
to  elevation  of  prothrombin  in  the  circulating  blood. 

Regardless  of  the  etiologic  factors  in  the  deficiency 
of  prothrombin  of  man,  treatment  in  most  instances 
essentially  is  the  same.  In  cases  in  which  there  is 
inadequate  bile  in  the  gastrointestinal  tract  natural 
vitamin  or  synthetic  compounds  exhibiting  vita¬ 
min  K  activity  which  are  given  by  mouth  should  be 
accompanied  by  administration  of  from  5  to  10  grains 
(0.3  to  0.65  Gm.)  of  bile  salts.  Synthetic  compounds 
with  vitamin  K  activity,  now  available  on  the  market 
and  given  orally  in  doses  of  from  1  to  2  mg.  daily, 
usually  constitute  an  adequate  dose.  There  also  is 
available  on  the  market  a  water  soluble  cornpound, 
4-amino-2-methyl-l-naphthol  hydrochloride,  which  can 
be  given  effectively  by  mouth  without  bile  salts,  ihis 
compound  and  other  synthetic  compounds  also  are 
available  commercially  for  intravenous  and  intramus¬ 
cular  administration.^^  Their  action  is  rapid.^  Daily 
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closes  of  from  1  to  2  mg.  usucilly  are  sufficient  paientei 
ally.  Most  investigators  interested  in  this  subject  sug¬ 
gest  that  prior  to  operation  in  any  of  these  c()nditions, 
regardless  of  the  concentration  of  prothrombin  in  the 
blood,  vitamin  K  in  some  form  should  be  given  for 
from  one  to  two  days.  After  operation,  the  concentra¬ 
tion  of  prothrombin  in  the  blood  should  be  followed 
carefully  and  vitamin  K  administered  as  necessary.  In 
instances  in  which  the  level  of  prothrombin  in  the  cir¬ 
culating  blood  is  sharply  decreased  before  operation, 
vitamin  K  should  be  administered  routinely  preopera- 
tively  and  postoperatively  for  several  days,  and  the 
concentration  of  prothrombin  in  the  blood  should  be 
determined  for  at  least  eight  to  ten  days  thereafter. 

Some  workers  recently  have  felt  that  the  change 
ellected  in  a  particular  level  of  prothrombin  by  admin¬ 
istration  of  vitamin  K  may  provide  some  index  as  to 
the  nature  of  the  disease  being  treated,  with  particular 
reference  to  intrahepatic  and  extrahepatic  jaundice. 
Data  now  at  hand  do  not  unequivocally  establish  this 
fact. 


Deficiency  of  Prothrombin  Among  Newborn  Infants. 
— It  is  agreed  generally  that  during  the  first  few  days 
of  an  infant’s  life  a  deficiency  of  prothrombin  exists 
in  the  circulating  blood.  The  cause  of  this  normal 
physiologic  deficiency,  however,  is  still  controversial. 
Waddell  and  Guerry  were  the  first  to  report  the  impor¬ 
tant  discovery  that  this  physiologic  deficiency  of  pro¬ 
thrombin  of  newborn  infants  and  the  bleeding  tendency 
which  sometimes  developed  could  be  corrected  by 
administration  of  vitamin  K.  Since  that  time  numerous 
reports  have  appeared  concerning  the  effect  of  the 
various  compounds  possessing  vitamin  K  activity  on 
the  level  of  prothrombin  of  newborn  infants  and  the 
effect  of  such  compounds  on  the  hemorrhage  which 
frequently  occurs.  The  important  suggestion  also  has 
been  made  that  the  deficiency  of  prothrombin  existing 
at  the  time  of  birth  might  account  in  many  instances 
for  the  intracranial  hemorrhages  which  sometimes  fol¬ 
low  protracted  labor  and  which  frequently  result  in 
permanent  paralysis.  ^ 


to  Vitamin  K  SubstitutJ  Therapy  C^ase^  of 

Surg.  41:  1363  1365  (Dec.)  19%.  AndrV  W  Kw 
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It  has  been  reported  and  well  established  by  several 
groups  of  workers  that  administration  of  vitamin  K 
to  mothers  prior  to  delivery  will  prevent  the  usual  fall 
in  the  level  of  prothrombin  in  the  blood  which  is 
observed  among  newborn  infants  and  that  administra¬ 
tion  of  vitamin  K  to  the  newborn  infant  also  will 
increase  concentration  of  prothrombin  in  the  plasmad^ 

On  the  basis  of  work  now  available,  it  appears  that 
2  mg.  of  menadione  given  by  mouth  to  a  mother  one 
half  to  forty-eight  hours  before  delivery  is  effective 
in  preventing  hemorrhagic  disease  of  the  newborn 
infant.'*^  There  is  good  evidence  to  indicate  that, 
although  the  feeding  of  vitamin  K  to  the  infant  after 
birth  increases  the  concentration  of  prothrombin,  the 
concentrations  in  these  instances  are  not  as  high  as 
those  achieved  by  antepartum  administration  of  the 
vitamin  to  the  mother. 

Many  workers  believe  that  instances  of  cerebral  hem¬ 
orrhage  occurring  in  the  course  of  birth  with  minimal 
trauma  are  precipitated  by  small  hemorrhages  which 
endure  for  a  number  of  days.  For  this  leason  many 
workers  interested  in  this  problem  believe  that  the  lives 
of  some  of  the  infants  might  be  saved  if  the  blood  at 
birth  exhibits  better  properties  of  coagulation.  Most 
investigators  believe  that  vitamin  K  given  in  some 
form  should  be  administered  to  every  mother  at  the 
onset  of  labor.  Some  still  insist  that  the  vitamin  should 
also  be  given  to  the  newborn  infant  as  an  added  pre¬ 
caution.  In  any  event,  the  plan  is  so  simple,  the  vitanun 
so  cheap  and  the  toxic  reactions  so  minimal  that  this 
program  should  be  adopted  universally  m  the  hope  ol 
preventing  injury  at  birth. 


75.  Lawson,  R.  B.:  Treatment  of  HyXt°“l8"'’224"234  VFeb.)'‘'‘f94i': 

Disease)  of  the  Newborn  Infant  J  Schneider,  Erich:  The 

in  Maintaining  Normal  Prothrombin  Levels  m  lnfa^t^^  Blood 

203:359-364  (Sept.)  1941.  Ross  Iffe?!’ of  VitaUn  K  on  the  Blood 
?roro£  ■a';id‘'’on^li:i^rrhag?^DfsS^  ol  the  Newborn.  Canad.  M. 
A.  J.  45:  417-421  j  B  ■  The  Prophylactic  Use  of 
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THE  WATER  SOLUBLE  VITAMINS 

C.  A.  ELVEHJEM.  Ph.D. 

MADISON,  WIS. 

This  group  of  dietary  factors  is  classified  as  the 
water  soluble  vitamins  because,  like  all  vitamins,  they 
are  required  by  the  body  in  extremely  small  amounts 
and  because  the  individual  chemical  compounds  are  sol¬ 
uble  in  water  although  the  degree  of  solubility  may 
vary  greatly  from  the  sparingly  soluble  riboflavin  to 
the  readily  soluble  ascorbic  acid.  These  are  the  only 
characteristics  common  to  the  individual  components 
because  their  functions  in  the  living  cell  may  differ 
greatly  and  their  chemical  structures  may  vary  from  the 
simple  configuration  of  nicotinic  acid  to  the  more  com¬ 
plicated  molecular  structure  of  thiamine  and  riboflavin. 
Based  largely  on  the  source  material  used  in  early  isola¬ 
tion  work  and  the  kind  of  experimental  animal  employed 
for  the  assay,  the  water  soluble  vitamins  are  generally 
subdivided  into  the  B  vitamins  and  vitamin  C,  together 
with  related  factors. 

No  attempt  will  be  made  to  cover  in  this  short  sum¬ 
mary  the  vast  amount  of  literature  which  is  accumu¬ 
lating  on  the  water  soluble  vitamins.  A  symposium 
entitled  “The  Vitamins”  published  by  the  American 
Medical  Association  in  1939  includes  a  detailed  survey 
of  the  facts  known  at  that  time.  Therefore  this  chapter 
will  include  only  a  general  summary  of  the  more  sig¬ 
nificant  facts,  and  reference  will  be  made  to  original 
papers  only  when  they  have  been  published  within  the 
past  few  years.  Since  this  review  will  stress  the  nutri¬ 
tional  aspects  of  these  vitamins,  the  description  of  the 
clinical  aspects  of  these  deficiency  diseases  will  of  neces¬ 
sity  be  limited. 

The  B  complex  now  is  known  to  consist  of  at  least 
a  dozen  separate  factors,  nine  of  which  can  be  obtained 
in  crystalline  form.  Each  factor  will  be  discussed  sepa¬ 
rately  and  in  more  or  less  chronological  order  of  its 
recognition  and  identification. 

Or.  Paul  L.  Pavcek  helped  in  the  prei)aration  of  this  manuscii|)t. 
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THIAMINE 

1  hiamine  hydrochloride  is  a  white  crystalline  sub¬ 
stance  readily  soluble  in  water  and  possessing  a  nutlike 
and  salty  taste  and  a  yeastlike  odor.  The  empirical  for¬ 
mula  is  CiaHigN^OSCl,  and  the  compound  has  the 
following  structure : 


N=C-NH2H0 


CHyC  C-CHy—N- 

I  II  I 

« - C-H 


Thi^mne  hydrocNonde 


C-CHj 

C-CHpCHyjH 


It  is  rapidly  destroyed  in  neutral  or  alkaline  solu¬ 
tions  because  of  hydrolytic  cleavage  into  its  constituent 
pyrimidine  and  thiazole  rings,  but  in  acid  solutions  it 
can  be  sterilized  for  half  an  hour  at  120  C.  without 
appreciable  loss  of  activity.  In  the  dry  form  the  vitamin 
is  very  stable,  and  it  is  not  readily  destroyed  by  oxida¬ 
tion.  Its  activity  is  rapidly  destroyed  by  sulfite,  a  fact 
which  may  explain  the  loss  of  thiamine  during  the 
sulfuring  of  fruits. 

In  foods  and  in  tissues  it  occurs  both  in  the  free  form 
and  as  thiamine  pyrophosphate  or  cocarboxylase.  In 
the  latter  form  it  functions  in  the  living  cell  as  a 
coenzyme  in  carbohydrate  metabolism.  In  a  thiamine 
deficiency  the  metabolism  of  carbohydrate  is  incomplete 
and  pyruvic  acid  accumulates  in  the  tissues,  a  condition 
which  is  used  clinically  in  determining  thiamine  insuffi¬ 
ciency.  Many  of  the  symptoms  which  have  been 
observed  in  beriberi  may  be  related  to  faulty  carbohy¬ 
drate  metabolism,  although  it  is  still  difficult  to  differ¬ 
entiate  an  uncomplicated  thiamine  deficiency  from 
multiple  deficiencies.  Some  of  the  nerve  lesions  which 
have  been  described  in  experimental  animals  suffering 
from  polyneuritis  are  certainly  related  to  a  deficiency 
of  riboflavin,  but  there  is  also  good  evidence  that  a  lack 
of  thiamine  may  directly  cause  neuropathologic  changes. 

The  variety  of  symptoms  seen  in  the  human  being 
has  been  summarized  by  Spies  and  Williams  ^  and  by 
Jolliflfe.2  Wilder"  has  pointed  out  that  the  type  of 


1.  Williams,  R.  R.,  and  Spies.  T.  D.:  Vitamin  Bi  and  Its  Use  in 

Medicine.  New  York,  Macmillan  Company,  1938.  nf  the 

2.  Jolliffe,  Norman:  Recent  Advances  in  Clinical  Applications  of  the 

B  Vitamins,  J.  Am.  Dietet.  A.  17:  5  (Jan.)  1941.  ,  ,  National 

3.  Wilder,  R.  M.:  Nutritional  Problems  fs  r  D 

Defense,  Am.  J.  Digest.  Dis.  8:  243  (July)  j 941.  Williams,  R.^ 
and  Mason,  H.  L. :  Further  Observations  on  Induced  ^h^niine  (Vi^am 
Bi)  Deficiency  and  Thiamine  Requirement  of  Man,  Proc.  btaft  Meet., 
Mayo  Clin.  16:  433  (July  9)  1941. 
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symptoms  which  develop  depends  to  a  considerable 
extent  on  the  rate  at  which  the  deficiency  develops,  but 
in  all  cases  the  subjects  become  depressed,  irritable, 
quarrelsome,  uncooperative  and  fearful.  An  anemia 
of  the  hyperchromic  type  has  also  been  described  in 
a  number  of  thiamine  deficient  patients. 

Although  the  official  method  for  the  estimation  of 
thiamine  is  the  rat  assay  procedure  described  in  the 
U.  S.  P.  XI,  1939  Supplement,  both  the  thiochrome 
and  yeast  fermentation  methods  are  suitable  for  most 
foods.  The  latter  methods  have  the  advantage  that 
they  can  be  used  for  substances  of  low  thiamine  con¬ 
tent.  Only  a  few  foods  can  be  classified  as  rich  sources 
of  thiamine;  they  include  peas,  beans,  oatmeal,  whole 
wheat,  lean  pork  and  peanuts.  However,  one  must  not 
overlook  the  staple  foods  such  as  milk,  vegetables  and 
fruits,  which  may  contribute  appreciable  amounts  of 
thiamine  in  the  diet  although  the  amount  per  unit  of 
weight  is  relatively  low. 

The  Food  and  Nutrition  Board  of  the  National 
Research  Council  recommends  1.5  to  2.3  mg.  as  the 
daily  thiamine  allowance  for  the  average  adult  man. 
The  minimum  daily  requirement  as  established  by  the 
U.  S.  Food  and  Drug  Administration  is  1  mg.  The 
requirement  is  increased  in  periods  of  active  growth 
and  during  pregnancy  and  lactation.  Pathologic  con¬ 
ditions  such  as  fevers  and  hyperthyroidism,  in  which 
there  is  a  general  increased  metabolism,  also  increase 
the  requirement.  The  effect  of  external  temperature 
on  the  thiamine  requirement  of  young  rats  has  been 
reported  by  Mills,^  who  found  the  need  per  unit  of 
food  to  be  twice  as  high  at  91  F.  as  at  65  F.  Mills  ® 
also  discusses  the  relation  of  these  findings  to  the 
resistance  of  persons  living  in  the  tropics. 

Diets  high  in  fat  have  a  definite  sparing  action  on 
the  requirement  of  thiamine  in  both  rats  and  dogs. 
This  is  undoubtedly  because  fat  metabolism  does  not 
require  cocarboxylase.  The  human  diet  may  rarely 
undeigo  sufficient  change  in  fat  content  to  alter  mate¬ 
rially  the  thiamine  requirement.  Cahill,®  studying  the 


4.  Mills,  C.  A.:  Vitamin  and  Protein  Requirements  at 

feinperatures.  Am.  J.  Physiol.  133:  390  (June)  %41  ‘  Different 

5.  Mills,  C.  A.:  Environmental  Temperatures  and  Thiamine  Renn.V- 

ments.  Am.  J.  Physiol.  133:  525  (July)  1941.  niamine  Require- 
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urinary  excretion  of  thiamine  in  human  subjects,  could 
find  no  increase  when  part  of  the  carbohydrate  was 
replaced  by  fat. 

In  table  1  is  presented  the  vitamin  content  of  a  few 
typical  foods.  It  is  evident  that,  aside  from  pork, 

Table  1. — Vitamin  Content  of  a  Few  Typical  Foods 


Milligrams  per  hundred  grams  (edible  portion) 


Food 

Thiamine 

Apples  . 

0.025 

Bananas  . 

0.040 

Bread : 

white  (unfortified)  ... 

0.070 

white  (fortified)  . 

0.280 

Cabbage  . 

0.060 

Carrots  . 

0.050 

Cheese  . 

0.030 

Cornmeal  . 

0.200 

Eggs  . 

0.250 

Meats  : 

Beef  . 

0.150 

Pork  (loin)  . 

1.500 

Poultry  (light  meat) 

0.075 

Poultry  (dark  meat) 

0.100 

Calf’s  liver  . 

0.400 

Pork  liver  . 

0.400 

Milk  (whole,  fluid)  . 

0.045 

Oatmeal  . 

0.800 

Oranges  . 

0.070 

Peas  (fresh)  . 

0.300 

Peanuts  . 

0.800 

Potatoes  . 

0.125 

Spinach  . 

0.075 

Tomatoes  . 

0.050 

Turnips  . 

0.040 

Yeast  (brewers’  dry) 

12.000 

Whole  wheat  . 

0.450 

Panto - 


Ribo- 

Nico- 

thenic 

Pyri- 

flavin 

tinic  Acid 

Acid 

doxine 

0.050 

0.500 

0.050 

0.080 

0.600 

0.070 

0.100 

0.800 

0.400 

0.300 

0.14 

1.500 

0.400 

0.300 

0.050 

0.290 

0.225 

0.290 

0.100 

0.500 

0.150 

1.500 

0.210 

0.350 

0.190 

1.500 

0.800 

0.400 

0.050 

2.700 

0.250 

6.500 

1.100 

0.400 

0.200 

9.200 

1.500 

0.600 

0.060 

6.100 

0.800 

0.250 

7.300 

2.000 

0.200 

3.200 

20.000 

5.200 

2.700 

22.000 

5.400 

0.200 

0.070 

0.300 

0.200 

0.160 

1.130 

1.300 

0.250 

0.030 

0.220 

0.070 

0.190 

0.750 

0.600 

0.300 

13.000 

3.400 

0.060 

1.160 

0.400 

0.160 

0.250 

0.720 

0.200 

0.050 

0.060 

4.000 

0.580 

0.075 

0.250 

40.000 

20.000 

5.500 

0.120 

5.900 

1.300 

0.460 

oatmeal,  whole  wheat,  enriched  bread  and  peas,  at 
least  five  to  ten  servings  (100  Gm.)  of  the  individual 
foods  must  be  consumed  daily  to  meet  the  minimum 
daily  requirement.  Thus  it  is  not  a  simple  tas  o 
select  a  diet  containing  adequate  thiamine  without  the 
use  of  whole  grain  cereals  or  enriched  flour  and  bread. 
It  is  well  known  that  significant  amounts  of  thiamine 
may  be  lost  during  the  preparation  of  foods  because 
of  the  fact  that  the  vitamin  is  readily  soluble  in  watei 
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and  easily  destroyed  by  moist  heat.  Under  normal 
conditions  there  is  probably  little  destruction  of  thia¬ 
mine  in  the  digestive  tract,  although  intestinal  distui- 
bance  may  seriously  retard  the  absorption  of  this 

vitamin.  .  •  i 

Recently  a  factor  destructive  of  vitamin  has  been 

found  in  raw  fish.  Green,  Carlson  and  Evans  ^  observed 
a  type  of  paralysis  in  foxes  fed  diets  containing  -U 
per  cent  fresh  carp  and  identified  the  condition  as  a 
thiamine  avitaminosis  analogous  to  Wernickes  disease. 
Further  studies  ®  on  the  mechanism  of  inactivation 
point  to  an  enzymatic  destruction. 


RIBOFLAVIN 


Riboflavin  is  a  practically  odorless,  orange-yellow 
crystalline  compound  which  in  water  solution  shows 
a  characteristic  yellow-green  fluorescence.  The  empi¬ 
rical  formula  is  Ci^HooN^Oe  with  the  following  struc¬ 
ture  : 

H  H  H 


CHj*  C-C-C-CHpOw 

6  6  6 
H  H  « 


CH 
CHj-C 


f 


a  £K>*'«w*r> 


This  vitamin  is  rather  heat  stable,  especially  in  acid 
mediums,  but  extremely  labile  when  exposed  to  light. 
In  nature  riboflavin  may  occur  as  such,  as  riboflavin 
phosphate  or  as  a  constituent  of  specific  flavoproteins. 
These  flavoproteins  function  as  important  enzymes  in 
tissue  respiration.  Enzymes  known  to  contain  ribo¬ 
flavin  include  cytochrome  reductase,  d-amino  acid  oxi¬ 
dase  and  xanthine  oxidase.®  A  definite  reduction  in 
the  tissue  concentration  of  the  latter  enzymes  has  been 
observed  in  riboflavin  deficient  animals.^®  Aside  from 


7.  Green  R.  G.;  Carlson,  W.  E.,  and  Evans,  C.  A.:  A  Deficiency 

Produced  by  Feeding  Fish,  J.  Nutrition  21:243 

CMarch)  1941. 

8.  Spitzer,  E.  H.;  Coombes,  A.  I.;  Elvehjeni,  C.  A.,  and  Wisnickv 
i”^‘=tivation  of  Vitamin  Bi  by  Raw  Fish,  Proc.  Soc  Exper  Biol’ 

&  Med.  48:376  (Oct.)  1941.  Woolley,  D.  W.:  Destruction  of  ThiamSe 
by  a  Substance  m  Certain  Fish,  J.  Biol.  Chem.  141:997  (Dec.)  194l! 

I,  Hogness,  T.  R.;  A  Symposium  on  Respiratory  Enzymes  The 
University  of  Wisconsin  Press,  Madison,  1942,  p.  134.  ^  enzymes,  the 
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retarded  growth  in  young  animals,  other  symptoms 
include  dermatitis  and  cataract  in  rats  and  character¬ 
istic  paralysis  in  chicks.  A  recent  report  by  Baum, 
Michaelree  and  Brown  indicates  that  the  incidence 
of  cataract  in  rats  is  increased  if  the  diet  supplies  a 
small  amount  (1  to  2  micrograms  daily)  of  riboflavin. 
Phillips  and  Engel  have  shown  a  specific  neuropatho- 
logic  condition  of  the  main  peripheral  nerve  trunks  in 
chicks  on  low  riboflavin  rations.  Similar  changes  were 
not  observed  in  the  rat  until  the  riboflavin  deficiency 
was  aggravated  by  an  increased  fat  content  of  the  diet.^^ 
Both  acute  and  chronic  riboflavin  deficiency  has  been 
studied  in  dogs.^^  On  a  diet  very  low  in  this  vitamin 
a  characteristic  collapse  syndrome  and  sudden  death 
are  observed  in  six  to  eight  weeks.  Prolonged  sub¬ 
sistence  on  a  diet  low  in  riboflavin  leads  to  neurologic 
abnormalities  accompanied  by  myelin  degeneration  of 
peripheral  nerves  and  the  posterior  columns  of  the 
spinal  cord.  Street,  Cowgill  and  Zimmerman  have 
shown  that  opacities  of  the  cornea  may  occur  in  the 
dog  as  well  as  in  the  rat. 

In  man  the  symptoms  include  inflammation  of  the 
lips,  fissures  at  the  corners  of  the  mouth,  glossitis, 
dermatitis  and  vascularizing  keratitis. The  ocular 
symptoms  first  described  by  Sydenstricker  and  his 
co-workers  appear  to  be  very  constant  and  may 
appear  before  other  symptoms  of  the  deficiency. 

The  riboflavin  content  of  foods  may  be  determined 
by  measuring  the  growth  response  obtained  in  chicks 
or  rats  maintained  on  basal  rations  low  in  the  vitamin, 
but  the  more  rapid  microbiologic  method  of  Snell  and 
Strong^®  is  now  used  rather  extensively.  Chemical 
methods  involving  measurement  of  fluorescence  are  also 


11  T4  \r  •  Afichaelree  T.  F.,  and  Brown,  E.  B.:  The  Quanti- 
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being  used.^^  Riboflavin  is  widely  distributed  in  plant 
and  animal  materials.  Liver,  milk  and  vegetables  may 
be  considered  the  best  and  most  reliable  sources  m  the 
human  dietary.  Seeds,  which  are  so  impoitant  as  a 
source  of  thiamine,  are  poor  sources  of  riboflavin. 

The  Food  and  Nutrition  Board  recommends  2.2  to 
3  3  mg.  of  riboflavin  as  the  daily  allowance  for  adult 
males,  and  the  Food  and  Drug  Administration  has 
accepted  2  mg.  a  day  as  the  minimum  daily  require¬ 
ment.  The  limited  values  in  table  1  show  that  one 
serving  of  liver  will  adequately  meet  the  daily  allow¬ 
ance,  that  1  quart  of  milk  will  supply  the  minimum 
requirement,  and  that  one  serving  of  cheese  or  eggs 
will  supply  one  fourth  of  the  daily  requirement.  Sure 
and  Dichek  have  demonstrated,  in  the  case  of  rats, 
that  riboflavin  has  a  pronounced  beneficial  eflfect  on 
the  economy  of  food  utilization  for  the  synthesis  of 
body  tissues.  In  this  connection  it  is  interesting  to 
note  that  Murlin  reports  the  biologic  value  of  pro¬ 
teins  in  bread  is  improved  in  the  presence  of  extra 
B  vitamins. 

NICOTINIC  ACID 

Nicotinic  acid  occurs  as  white,  needle-like  crystals, 
is  nonhygroscopic  and  stable  in  air  and  has  the 
empirical  formula  CcHgOgN.  The  structural  formula 
of  both  the  acid  and  the  physiologically  active  amide 
are  shown. 

H 

H-C  C-C-WHp 

H-C^  C-H 


H 

-P 

C-C-OH 

H-C,  C-H 


WiCOtinic  dcicrf 


Wjcotinic  dcid  amide 
amide) 


'Hie  sensation  of  flushing  and  erythema  of  the  skin 
which  is  often  observed  on  administration  of  nicotinic 
acid  is  not  produced  by  nicotinic  acid  amide.  Nicotinic 
acidAs  a  comparatively  weak  acid,  and  its  alkaline  salts 
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in  solution  show  a  slightly  alkaline  reaction.  It  is 
stable  to  autoclaving  temperatures  when  in  solution 
and  shows  no  loss  of  activity  when  exposed  to  dry 
heat.  Owing  to  numerous  objections  to  the  term  nico¬ 
tinic  acid,  niacin  and  niacin  amide  have  been  proposed 
as  unobjectionable  synonyms  for  the  acid  and  amide. 

In  the  body  nicotinic  acid  functions  as  a  component 
of  two  important  coenzymes,  coenzyme  I  or  cozymase 
and  coenzyme  II,  which  are  concerned  in  both  glycoly¬ 
sis  and  respiration. The  structure  of  the  two  coen¬ 
zymes  is  very  similar,  differing  only  in  the  number  of 
phosphoric  acid  units.  Coenzyme  I  is  a  diphosphopyri- 
dine  nucleotide,  and  coenzyme  II  is  a  triphosphopyri- 
dine  nucleotide.  In  nicotinic  acid  deficiency  it  is  possible 
to  demonstrate  a  decreased  cozymase  content  of  the 
liver  and  muscle  tissue.  There  has  been  some  question 
about  the  cozymase  content  of  the  blood  during  defi¬ 
ciency,  but  all  workers  are  now  agreed  that  the 
change  if  demonstrable  is  very  slight.  It  is  thus  impos¬ 
sible  to  use  this  method  in  the  diagnosis  of  nicotinic 
acid  deficiency. 

The  dog,  pig  and  monkey  are  the  only  experimental 
animals  that  show  typical  nicotinic  acid  deficiency. 
Blacktongue  in  the  dog  was  first  described  by  Chitten¬ 
den  and  Underhill,  and  in  1922  Goldberger  and  his 
co-workers  conclucled  that  blacktongue  in  dogs  was 
analogous  to  human  pellagra.  The  early  symptoms  of 
pellagra  are  weakness,  lassitude,  anorexia  and  indiges¬ 
tion,  followed  by  sore  and  ulcerated  mouth  and  diarrhea. 
The  typical  dermatitis  usually  simplifies  the  diagnosis. 
A  more  detailed  summary  of  the  symptoms  has  recently 
been  made  by  Harris--  and  by  Youmans.-"  Spies, 
Walker  and  Woods  -•*  have  shown  that  infants  and 
children  also  suffer  from  nicotinic  acid  deficiency  in 
areas  where  pellagra  is  endemic,  although  typical  lesions 
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are  seldom  seen  in  early  infancy  Nicotinic  acid  is  now 
widely  used  in  the  treatment  of  pellagia  but  its  use 
is  most  successful  in  conjunction  with  other  vitamins 


and  specific  natural  foods. 

The  activity  of  various  compounds  related  m  stiuc- 
ture  to  nicotinic  acid  was  investigated  by  Woo  ley  and 
his  co-workers, 2®  and  it  was  concluded  that  only  those 
compounds  which  may  undergo  oxidation  or  hydrolytic 
conversion  to  nicotinic  acid  are  active  in  the  dog.  biiice 
that  time  some  activity  has  been  observed  m  human 
lieings  with  quinolinic  acid,  pyrazine  2,3  dicarboxylic 
acid  and  pyrazine  monocarboxylic  acid.  A  recent  paper 
by  Dann,  Kohn  and  Handler  summarizes  much  of 
the  work  on  these  compounds,  and  from  their  results 
as  well  as  results  in  this  laboratory  one  may  conclude 
that  the  activity  of  these  compounds  is  greatly  inferior 
to  that  of  nicotinic  acid. 


Since  nicotinic  acid  is  not  required  preformed  in  the 
diets  of  chicks  or  rats,  the  dog,  originally  used  by 
Goldberger  and  his  co-workers  for  the  assay  of  the 
antipellagra  potency  of  foods,  is  the  only  animal  that 
can  be  used  with  any  success.  Fairly  accurate  values 
can  be  obtained  by  comparing  the  growth  response 
obtained  by  feeding  a  definite  weight  of  the  food  with 
that  obtained  after  giving  a  standard  dose  of  nicotinic 
acid.^^  Chemical  methods  may  be  used  on  many  foods, 
and  an  improved  method  has  recently  been  described 
by  Dann  and  Handler.-®  A  convenient  method  and  one 
which  I  have  found  satisfactory  is  the  microbiologic 
method  of  Snell  and  Wright. In  general  there  is 
good  agreement  between  the  results  obtained  with  the 
three  methods  except  in  the  case  of  liver  and  kidney. 
The  values  obtained  with  the  dog  assay  for  these  mate¬ 
rials  are  somewhat  higher  than  the  values  obtained  by 
the  chemical  or  microbiologic  methods.  The  best 
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sources  of  nicotinic  acid  include  liver,  yeast,  lean  meats 
and  to  a  lesser  extent  peanuts,  potatoes  and  vegetables. 

It  is  difficult  to  establish  an  exact  value  for  the 
nicotinic  acid  requirement  of  human  beings.  Balance 
experiments  are  complicated  by  the  fact  that  excess 
nicotinic  acid  ingested  is  excreted  not  only  as  nicotinic 
acid  but  also  as  trigonelline  and  nicotinuric  acid.®°  The 
hood  and  Nutrition  Board  has  suggested  15  to  20  mg. 
as  the  daily  allowance  for  an  adult  man,  and  the  mini¬ 
mum  requirement  has  been  set  at  10  mg.  a  day. 

One  may  readily  ascertain  from  table  1  why  pellagra 
will  develop  on  diets  high  in  cornmeal  and  patent  flour. 
I  hese  materials  contain  1  to  1.5  mg.  per  hundred  grams, 
and  one  would  have  to  consume  1,000  Gm.  to  meet 
the  minimum  requirement,  which  is,  of  course,  impos¬ 
sible.  In  contrast  to  corn,  wheat  contains  5  to  7  mg. 
per  hundred  grams  and  would  be  a  reliable  source  of 
nicotinic  acid  if  80  to  90  per  cent  of  the  nicotinic  acid 
were  not  removed  during  the  milling  process. Whole 
oats  is  also  low  in  nicotinic  acid,  but  barley  is  somewhat 
higher.  One  serving  of  liver  will  supply  the  daily 
allowance,  and  one  serving  of  lean  meat  will  supply 
about  one  half  of  the  daily  requirement.  One  hundred 
Gm.  of  peanuts  will  supply  the  requirement.  Since 
nicotinic  acid  is  a  very  stable  compound  there  is  little 
destruction  during  cooking,  and  the  loss  is  negligible 
unless  the  cooking  water  is  discarded. 


PYRIDOXIN  E - VITAMIN  Bq 


The  early  work  on  the  isolation  of  vitamin  B^  was 
described  in  The  Vitamins  in  1939.  Since  that  time 


the  synthesis  of  pyridoxine  has  been  described  by  Har¬ 
ris  and  Folkers  and  it,  like  thiamine,  riboflavin  and 
nicotinic  acid,  is  available  in  the  synthetic  form  on  a 
commercial  basis.  Pyridoxine  hydrochloride  is  a  white 
crystalline  powder,  slightly  bitter  in  taste  and  odorless, 
possessing  the  empirical  formula  CgHioOgNCl.  It  is 
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separate  and  distinct  from  nicotinic  acid,  although  the 
basic  structure  in  both_  vitamins  is  the  pyridine  ring. 
The  complete  structure  is 


cnpH 

HO-c'^ 


H  Cl 


Pyndoxme  hydrocNonde 


The  mechanism  in  which  vitamin  Bq  functions  in  the 
living  organism  is  unknown.  It,  like  the  previous 
vitamins  discussed,  may  be  related  to  enzyme  systems, 
but  there  is  no  evidence  for  such  a  conclusion  except 
the  fact  that  it  is  rather  closely  bound  to  protein.  There 
appears  to  be  a  functional  relationship  between  unsatu¬ 
rated  fatty  acids  and  the  vitamin.®^  McHenry  and 
Gavin  suggest  that  pyridoxine  brings  about  synthesis 
of  fat  from  protein,  but  the  nature  of  the  mechanism 
is  unknown. 

Pyridoxine  has  been  shown  to  be  essential  in  the 
nutrition  of  the  rat,®®  the  chick,®®  the  dog  ®^  and  the 
pig.®®  An  acrodynia  characterized  by  edema,  swelling 
and  denuding  of  the  paws  and  areas  around  the  mouth 
and  frequent  thickening  of  the  ears  is  associated  with 
pyridoxine  deficiency  in  the  rat,®®  although  it  has  been 
demonstrated  that  a  lack  of  this  vitamin  may  cause 
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retarded  growth  without  the  dermatitis.  The  micro¬ 
cytic  hypochromic  anemia  in  dogs  resulting  from 
pyridoxine  deficiency  reported  by  Fonts  and  his 
co-workers  has  been  amply  confirmed.'*^ 

No  clear  cut  symptoms  resulting  from  pyridoxine 
deficiency  have  been  described  in  man.  Spies,  Bean 
and  Ashe  have  reported  an  additional  improvement 
in  pellagrins  by  giving  pyridoxine  after  treatment  with 
nicotinic  acid,  riboflavin  and  thiamine.  Smith  and 
Martin  observed  a  rapid  and  satisfactory  healing  of 
the  typical  lesions  of  cheilitis  with  vitamin  Bg  therapy. 
Although  clinical  treatment  of  such  conditions  as  Park¬ 
inson’s  disease,  muscular  dystrophy  and  paralysis 
agitans  has  been  studied,  the  results  are  not  definite 
enough  to  permit  postulation  of  the  action  of  the  vita¬ 
min  or  to  associate  any  one  of  these  syndromes  with 
specific  lack  of  pyridoxine  in  the  diet.  The  human 
requirement  is  unknown,  but  animal  experiments  indi¬ 
cate  that  the  vitamin  B^  requirement  may  be  about  the 
same  as  for  thiamine ;  namely,  about  2  mg.  a  day. 

The  most  reliable  method  for  determining  the  pyri¬ 
doxine  content  of  foods  is  probably  the  rat  assay 
method.^®  Scudi  and  Swaminathan  have  used 
chemical  methods.  Among  the  best  sources  are  rice 
bran,  liver,  yeast,  cereals,  legumes  and  milk.  Whole 
wheat  contains  about  0.46  mg.  per  hundred  grams,  most 
meats  0.4  to  0.7  mg.  per  hundred  grams  on  the  fresh 
basis, fresh  vegetables  about  0.1  mg.  per  hundred 
grams  and  milk  about  2  mg.  per  quart  (liter).  Swami¬ 
nathan  found  diets  consumed  in  India  to  supply  3.5 
to  5  mg.  a  day. 
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PANTOTHENIC  ACID 

In  1939  the  term  “filtrate  factor”  was  still  used  to 
designate  that  member  of  the  B  complex  which  pie- 
vented  dermatitis  in  chicks.  Although  the  so-called 
filtrate  fractions  prepared  from  liver  extract  were  effec¬ 
tive  in  the  prevention  of  blacktongue  in  dogs,  pellagra 
in  human  beings  and  dermatitis  in  chicks,  it  was  dem¬ 
onstrated  as  soon  as  nicotinic  acid  was  accepted  as 
the  antipellagra  factor  that  the  activity  of  these  frac¬ 
tions  in  the  prevention  of  chick  dermatitis  was  not  due 
to  the  nicotinic  acid  present  but  to  a  separate  and 
distinct  vitamin.  Shortly  thereafter  Woolley,  Waisman 
and  Elvehjem  and  Jukes  independently  demon¬ 
strated  that  pantothenic  acid,  which  Williams  had 
shown  to  be  a  growth  factor  for  yeast  as  early  as  1933, 
was  similar  to  the  chick  antidermatitis  factor.  The 
complete  synthesis  of  pantothenic  acid  was  achieved 
in  1940.®^  The  vitamin  is  now  available  as  the  dextro¬ 
rotatory  calcium  salt,  which  occurs  in  fine  dense  white 
crystals  that  are  odorless  and  slightly  bitter  in  taste. 
The  empirical  formula  is  ( CsHi^NO.JoCa.  The  struc¬ 
tural  formula  for  the  free  acid  is : 


H 

o 


m  o  p  ^  H  V  p 

H-C — C  —  C~C-N-C-C—C-OH 


Pantothenic  acic/ 


Pantothenic  acid  is  fairly  stable  to  moist  heat,  espe¬ 
cially  at  a  neutral  p\i,  hut  is  destroyed  by  prolonged 
dry  heat.  The  compound  is  readily  hydrolyzed  into  the 
two  component  parts  in  alkaline  solution.  The  com¬ 
pound  is  widely  distributed  in  nature,  but  its  function 
in  normal  metabolism  is  not  known.  It  does  occur 
in  bound  form  in  many  tissues,  since  proteolytic 
enzymes  are  needed  in  order  to  liberate  the  compound 
completely  from  animal  tissues. 

Rats  jdaced  on  diets  low  in  pantothenic  acid  grow 
\'ei  \  ])oorly  and  develop  in  a  few  weeks  necrosis  of 


48  Woolley,  D  \y.;  Waisman,  H.  A.,  and  Elvehjem,  C.  A.-  Nature 
sS.  6*1'’:' 977  ^(’Sil)  1*939!^  J-  Am.  Chem. 

49.  Jukes,  T.  H.:  Pantothenic  Acid  and  the  Filtrate  (Chick  ‘\nti 

50.  Wdhams  R.  J.;  Lyman,  C.  M.;  Goodyear,  G.  H.-  Truesdail  T  H 
and  Haladay,  D.:  “Pantothenic  Acid”  a  Growth  Det’ernSt  V'Uni’ 
versal  Biologi^l  Occurrence,  J.  Am.  Chem.  Soc.  55:2912  (July)  1933 

T’’  tlarris.  S.  A.;  Finkelstein,  Jacoh-  Keresztesv  T  C 
and  Folkers,  Karl:  Pantothenic  Acid:  VIIT  The  'Tntnl  V  K'  ■ 

Pure  Pantothenic  Acid,  J.  Am.  Chem.  Soc  62 :  1785  (jS)  194(!’.'"' 
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the  adrenal  cortex,  which  was  first  described  by  Daft 
and  Sebrell.®-  Changes  in  hair  pigmentation  (graying) 
have  been  observed  in  many  laboratories  when  black 
or  piebald  rats  are  used.  Unna,  Richards  and  Samp¬ 
son  have  published  reproductions  of  photographs 
illustrating  these  fur  changes  in  nutritional  achromo- 
trichia.  Schaefer,  McKibbin  and  Elvehjem  have 
produced  acute  pantothenic  acid  deficiencies  in  dogs 
that  are  characterized  by  sudden  collapse  associated 
with  decreased  blood  dextrose,  increased  nonprotein 
nitrogen  and  lowered  blood  chlorides.  Severe  intus¬ 
susception  in  the  intestinal  tract  and  fatty  livers  have 
also  been  observed.  Phillips  and  Engel  have  reported 
specific  neuropathologic  changes  of  the  spinal  cord  in 
chicks  sufifering  from  pantothenic  acid  deficiency.  Win- 
trobe  has  also  found  neuropathologic  changes  in  pigs 
on  synthetic  diets  low  in  pantothenic  acid  and  other 
members  of  the  B  complex. 

In  spite  of  these  interesting  symptoms  in  experi¬ 
mental  animals,  little  is  known  about  the  real  signifi¬ 
cance  of  pantothenic  acid  in  human  nutrition.  Spies 
and  his  co-workers  conclude  from  studies  based 
largely  on  blood  pantothenic  acid  values  that  panto¬ 
thenic  acid  is  essential  to  human  nutrition.  Krahnke 
and  Gordon  have  studied  the  excretion  of  pantothenic 
acid  in  persons  on  different  levels  of  intake.  However, 
no  specific  symptoms  in  man  have  been  correlated  with 
a  deficiency  of  the  vitamin.  This  may  be  due  to  tbe 
fact  that  pantothenic  acid  is  widely  distributed  and 
that  even  restricted  diets  may  not  be  low  enough  to 


cause  a  serious  deficiency. 


52  Daft  and  Sebrell,  cited  by  Daft,  F.  S.;  Sebrell.  "  •  H-.:  Babcock, 

Q  H  Ir  -md  I  ukes  T.  H. :  Effect  of  Synthetic  Pantothenic  Acid  on 
Adrenal  Hemorrhage,  Atrophy  and  Necrosis  in  Rats,  Pub.  Health  Rep. 

Unna/^Klausl  Richards,  Grace  V.,  and  SampsOT,  \\ .  D: 
on  Nutritional  Achromotrichia  in  Rats,  J.  Nutrition  22:  SS3  ' 
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No  figures  ca.n  be  given  for  the  daily  hiiiuan  lecjuiie- 
ment.  The  relatively  high  amount  of  pantothenic  acid 
needed  to  produce  good  growth  in  rats  on  synthetic 
diets  has  led  to  the  assumption  that  the  requirement 
is  considerably  higher  than  that  of  some  of  the  other 
B  vitamins.  However,  work  in  this  laboratory  indi¬ 
cates  that  the  requirement  for  dogs  can  be  satisfied 
with  0.10  mg.  per  hundred  grams  ration,  a  level  very 
similar  to  that  of  thiamine  and  riboflavin.  According 
to  these  results  the  human  requirement  may  not  be 
far  from  5  mg.  a  day. 

The  pantothenic  acid  content  of  foods  may  be  mea¬ 
sured  by  growth  experiments  with  chicks,  but  the 
microbiologic  methods  are  now  in  more  general  use. 
Liver  is  one  of  the  richest  natural  sources,  and  if  5  mg. 
is  accepted  as  the  daily  requirement  100  Gm.  of  the 
fresh  liver  will  meet  this  requirement.  Meats,  cereals 
and  milk  are  all  reliable  sources.  Few  studies  have 
been  made  on  the  loss  of  this  vitamin  during  cooking, 
but  the  loss  may  be  very  similar  to  that  for  thiamine, 
since  pantothenic  acid  is  readily  soluble  in  water  and 
not  too  stable  at  elevated  temperatures.  Evidence  is 
available  to  show  that  only  about  one  half  of  the 
pantothenic  acid  in  whole  wheat  is  lost  during  the 
milling  process. 

CHOLINE 


Choline  is  a  colorless  viscous  fluid,  and  the  more 
familiar  choline  chloride  is  a  very  hygroscopic  white 
crystalline  substance  with  a  salty  bitter  taste.  As 
expected  from  its  chemical  constitution,  the  compound 
is  not  stable  to  alkali  treatment  but  is  stable  to  acids 
even  at  elevated  temperatures. 

Choline  has  been  recognized  for  many  years  as  a 
component  part  of  the  phospholipid  lecithin,  but  its 
functional  importance  in  nutrition  was  not  apparent 
until  Best  almost  ten  years  ago  demonstrated  its  role 
T  ^fvention  of  fatty  livers  in  depancreatized 
hogs.  Chohne  is  now  considered  an  important  mem- 
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i)ei  of  the  B  complex,  althougli  Jacobi,  Baumann  and 
i\Ieek«i  have  demonstrated  that  synthesis  of  this  sub¬ 
stance  may  occur  in  the  rat. 

1  he  function  of  choline  is  in  some  way  related  to 
die  mobilization  of  fatty  acids  in  the  body,  since  in 
its  absence  liver  fat  rapidly  accumulates.  Experiments 
with  the  dog  and  the  rat  have  demonstrated  that  neutral 
fat  was  involved,  since  fatty  livers  in  rats  induced 
l)y  feeding  high  cholesterol  diets  did  not  respond  to 
choline  treatment.  The  observations  of  du  Vigneaud 
and  his  collaborators  that  the  methyl  groups  of  choline 
as  well  as  those  of  methionine  and  betaine  are  trans¬ 
ferable  in  the  animal  organism  has  led  to  the  postulation 
that  one  of  the  functions  of  choline  is  to  supply  labile 
methyl  groups.  McHenry  states  that  there  is  evi¬ 
dence  now  that  choline  may  function  in  at  least  three 
ways :  to  stimulate  the  formation  of  phospholipids,  to 
make  possible  the  production  of  acetyl  choline  or  to 
supply  labile  methyl  groups. 

Jukes  has  shown  that  choline  is  one  of  the  factors 
required  in  addition  to  adequate  manganese  to  prevent 
slipped  tendon  in  young  turkeys.  Sure  reports  that 
choline  is  indispensable  for  lactation  in  adults  rats  and 
in  the  prevention  of  paralysis  in  suckling  rats.  Depres¬ 
sion  of  the  growth  rate  when  choline  is  omitted  from 
the  diet  has  been  observed  in  the  case  of  the  rat  by 
Richardson,  Hogan,  Long  and  Itschner,®®  in  the  chick 
by  Hegsted,  Mills,  Elvehjem  and  Hart  ®®  and  in  the 
dog  by  Schaefer,  McKibbin  and  Elvehjem.®' 
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'J'hc  high  requirement  of  the  young  rat  for  choline 
has  been  stressed  by  Griffith, ««  who  previously  reported 
fatty  degeneration  of  the  liver,  hemorrhagic  renal 
lesions,  ocular  hemorrhages  and  regression  of  the  thy¬ 
mus  within  ten  days  after  the  rats  had  been  placed 
on  a  choline  low  but  otherwise  adequate  diet.  These 
results  on  weanling  rats  are  of  special  significance  in 
the  light  of  recent  findings  reported  from  India  that 
in  20  to  30  cases  prematurely  born  infants  showed 
definite  fatty  livers  and  hemorrhagic  kidneys. 

Choline  forms  insoluble  compounds  with  Reinecke’s 
salt,  rhodozanic  acid  and  mercury  and  can  be  deter¬ 
mined  chemically  by  these  procedures.  Griffith  has 
studied  the  choline  requirement  of  the  weanling  rat  and 
finds  that  under  his  dietary  conditions  4  to  6  mg.  daily 
will  give  protection  against  fatty  livers.  By  deter¬ 
mining  the  level  of  test  substance  necessary  to  furnish 
similar  protection,  a  measure  of  its  choline  content  can 
be  obtained.  It  is  to  be  remembered  that  other  sub¬ 
stances  which  can  furnish  labile  methyl  groups  such 
as  betaine  and  sarcosine  can  function  in  a  manner 
similar  to  choline. 

As  stated  previously,  lecithin  contains  choline,  and 
thus  meats,  cereals,  vegetables  and  eggs  would  be  con¬ 
sidered  good  sources  of  choline.  Yeast  seems  to  be 
extremely  variable  in  its  content  of  choline,  some 
yeasts  being  almost  free  from  the  factor  and  others 
containing  enough  to  protect  against  fatty  livers  when 
fed  at  10  per  cent  of  the  ration. 

Clinical  work  on  choline  is  of  course  very  limited, 
and  no  conclusions  can  be  made  until  more  extensive 
studies  are  carried  out.  Dr.  P.  G.  Danis  reported 
before  the  Southern  Medical  Association  at  St.  Louis 
in  November  1941  that  choline  was  of  some  value  in 
controlling  icterus  gravis  in  infants. 


BIOTIN 


.Mthough  biotin  has  been  recognized  as  necessary 
for  the  growth  of  micro-organisms  for  some  time,  its 
significance  in  the  nutrition  of  animals  is  just  in*  the 
process  of  being  elucidated.  Biotin  was  first  isolated 
in  1936  by  Kogl  and  Tonnis,^''  but  its  complex  nature 
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and,  more  important,  its  minute  concentration  in  natural 
products  has  delayed  complete  identification  of  its 
structure  even  up  to  the  date  of  this  review.  Its 
empirical  formula  CioHieOgNsS  has  been  found  by 
du  Vigneaud  to  consist  of  a  cyclic  derivative  of  urea 
which,  on  oxidation,  yields  adipic  acid. 

Both  the  free  biotin  and  the  methyl  ester  have  been 
prepared  and  possess  crystalline  structures.  Biotin  is 
a  very  stable  compound,  resisting  autoclaving  with 
strong  mineral  acids,  and  in  the  form  found  in  natural 
products  is  but  slowly  inactivated  with  strong  alkali. 
The  pure  biotin,  however,  shows  appreciable  lability 
to  alkali.  Both  free  and  bound  biotin  are  inactivated 
by  oxidizing  agents. 

It  has  been  known  for  many  years  that  a  character¬ 
istic  syndrome  can  be  produced  in  rats  fed  diets  con¬ 
taining  rather  high  amounts  of  raw  egg  white.  Lease, 
Parsons  and  Kelly  found  that  the  rabbit  and  the 
monkey  also  exhibited  a  characteristic  dermatitis  when 
fed  rations  rich  in  egg  whites.  As  early  as  1933  Par¬ 
sons  concluded  that  the  injury  involved  an  interrela¬ 
tion  between  a  positive  toxicity  and  a  relative  absence 
of  a  protective  factor,  and  a  little  later  Gyorgy 
named  this  factor  vitamin  H.  Birch  and  Gyorgy 
obtained  highly  potent  concentrates  of  the  factor,  and 
in  1940  du  Vigneaud,  Melville,  Gyorgy  and  Rose 
first  suggested  the  identity  of  biotin  and  vitamin  H. 

Gyorgy,  Rose,  Eakin,  Snell  and  Williams"®  have 
now  established  the  presence  of  “avidin”  (an  albu¬ 
min)  as  the  biotin  inactivating  factor  in  egg  white. 
Thus  it  becomes  apparent  that  egg  white  injury  is  due 
to  the  unavailability  of  biotin  by  virtue  of  being  tied 
up  with  avidin,  in  which  complex  biotin  cannot  be 
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absorbed  from  the  intestine  and  is  excreted  in  the  feces. 
Nielsen  and  Elvehjem,”  using  a  more  complete  ration 
than  had  been  used  in  the  early  work,  were  able  to 
demonstrate  a  biotin  deficiency  m  the  rat  fed  10  pei 
cent  levels  of  egg  white.  Typical  symptoms  of  spec¬ 
tacled  eye”  progressing  to  general  alopecia  and,  in  the 
later  stages,  the  onset  of  a  spasticity  and  final  death 
of  the  animal  were  recorded.  Even  the  severe  symp¬ 
toms  of  spasticity  were  cured  when  excess  biotin  (m 
excess  of  that  which  unites  with  the  avidin)  was  added 
to  the  diet.  On  the  synthetic  diet  without  the  egg 
white  these  workers  were  unable  to  demonstrate  any 
signs  of  biotin  deficiency,  and  it  seems  probable  that 
under  most  conditions  the  rat  can  synthesize,  through 
the  medium  of  bacteria  in  the  intestine,  sufficient  biotin 
for  its  requirement.  Biotin  deficiency  has  been  reported 
in  the  chick  without  resorting  to  egg  white  diets,  which 
seems  to  indicate  that  very  limited  synthesis  of  biotin 
in  the  intestinal  tract  must  prevail.  A  typical  derma¬ 
titis  involving  the  feet  was  found  by  Hegsted  and  his 
co-workers  to  be  characteristic  of  the  deficiency  in 
the  chick ;  and  Patrick  and  his  co-workers  also  have 
noted  similar  dermatitis  with  turkeys  on  biotin  defi¬ 
cient  rations. 

Biotin  can  be  conveniently  determined  by  use  of 
microbiologic  methods  of  assay  in  which  responses 
in  yeast  growth  (Snell,  Eakin  and  Williams  ®“)  or  acid 
production  by  Lactobacillus  casei  (Shull,  Hutchings 
and  Peterson®^)  are  measured.  Biotin  is  quite  ubiqui¬ 
tous  in  distribution,  but  liver,  kidney,  yeast  and  egg 
yolk  are  the  chief  sources.  It  is  to  be  emphasized  that 
in  most  tissues  biotin  is  present  in  a  “bound”  state  in 
which  it  cannot  be  extracted  by  hot  water,  and  autolysis 
or  acid  hydrolysis  must  he  employed  to  realize  the 
true  concentration  of  biotin  in  these  instances.  As  for 
the  clinical  applications  of  biotin,  it  is  needless  to  point 
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out  the  futility  of  even  attemptinj^  hutiian  experimen¬ 
tation  until  a  great  deal  more  of  the  fundamental  work 
has  been  accomplished.  As  soon  as  crystalline  biotin 
becomes  more  generally  available,  this  fundamental 
work  will  be  forthcoming. 


INOSITOL 


I  he  position  of  inositol  among  the  B  vitamins  is 
only  tentative ;  but.  since  several  workers  have  obtained 
responses  with  this  compound,  presentation  of  their 
work  is  warranted.  Inositol  is  a  crystalline  substance 
with  a  sweet  taste,  the  formula  of  which  is  isomeric 
with  d-glucose.  Its  structure  shows  it  to  be  a  hexa- 
hydroxy  cyclohexane. 
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It  is  an  extremely  stable  compound  resisting  strong 
acid  and  alkali  treatment.  It  is  found  in  plants,  where 
it  occurs  as  “phytin,”  a  calcium  magnesium  salt  of 
inositol  phosphoric  acid.  In  the  body,  inositol  is  found 
in  muscle  (accounting  for  the  term  “muscle  sugar”), 
brain,  blood  erythrocytes  and  eye  tissues,  but  its  func¬ 
tion  is  still  only  a  matter  of  speculation.  The  relation 
of  inositol  to  the  nutrition  of  animals  was  first  indicated 
by  the  report  of  Woolley,®-  who  isolated  the  substance 
from  liver  and  showed  it  to  be  the  constituent  factor 
responsible  for  the  cure  of  mouse  alopecia.  Later 
Pavcek  and  Baum  were  alile  to  demonstrate  a  growth 
response  and  a  cure  of  spectacled  eye  in  rats.  Fhe 
curative  action  and  growth  efifect  of  inositol  seemed  to 
he  related  to  the  amount  and  type  of  fat  in  the  diet, 
since  the  syndrome  was  jiroduced  on  fat  free  or  low 
butter  fat  rations  and  not  on  those  containing  14  per 
cent  Crisco  (unpublished  data).  Sure  has  presented 
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data  which  indicate  that  inositol  may  l)e  required  by 
the  lactating  rat.  iMartin.  Thompson  and  de  Carvajal 
Ferero  have  injected  rather  low  levels  (10  mg.  per 
kilogram  of  body  weight )  of  inositol  into  dogs  and  found 
intestinal  motility  to  be  greatly  increased.*  A  definite 
growth  increment  in  the  chick  was  obtained  on  feeding 
inositol  in  conjunction  with  a  synthetic  ration.*^  In  the 
rat,  inositol  was  found  to  have  an  efifect  similar  to 
Hpocaic  in  preventing  the  fatty  livers  produced  by  the 
feeding  of  liver  fractions  or  jiurified  biotin  prejiara- 
tions.*’ 

Inositol  can  be  determined  in  tissues  and  foods  by 
using  a  microbiologic  assay  employing  a  specific  strain 
of  yeast  as  the  test  organism.®®  By  this  method  of 
determination,  W  illiams  and  his  co-workers  ®®  have 
run  large  numbers  of  assays  on  various  rat  and  beef 
tissues  and  found  spleen,  heart,  kidney,  brain,  thyroid 
and  testes  to  be  especially  high  in  inositol.  As  previ¬ 
ously  mentioned,  inositol  in  the  form  of  phytin,  is 
present  in  large  amounts  distributed  throughout  the 
plant  kingdom ;  cereal  brans  and  seeds  are  exceptionally 
good  sources.  No  work  has  been  done  on  the  possible 
significance  of  inositol  in  human  nutrition. 


P.\R.<\-.\MIN0BENZ01C  ACID 


Another  factor  which  was  first  recognized  through  its 
effect  on  bacterial  growth  and  which  now  shows 
indication  of  a  vitamin-like  action  in  animals  is  a  rather 
simple  derivative  of  benzoic  acid — para-aminobenzoic 
acid. 

Ansbacher  has  produced  graying  of  the  fur  of  rats 
on  a  synthetic  ration  which  could  be  cured  by  the 
administration  of  3  mg.  of  para-aminobenzoic  acid  dailv. 
It  should  be  mentioned  that  this  achromotrichia  was 


85.  Martin,  G.  J.;  Thompson,  M.  R.,  and  de  Carvajal-Ferero  T  ■ 
Influence  of  Inositol  and  Other  B  Complex  Factors  on  the  Motility  of 
the  Gastrointestinal  Tract,  Am.  J.  Digest.  8:290  (Aug)  1941 

86.  Hegsted  D.  M.;  Briggs,  G.  M..  Jr.;  Mills,  K.  C.;  Eivehjein,  C.  A 

M?d  ^7-  ?76  (Janr'mi  ^oc.  Exper.  Biol.  & 

CI,emJ'lSi'r4sJ’<A„i)^19“!"'“‘  ""  »'  '"»«<«'•  J-  Bio'- 

89.  Williams,  R.  J.;  King,  Anne;  Mitchell,  H.  K.,  and  McMahan 
J.  R.:  Assay  Meth9d  for  Inositol.  Studies  on  the  Vitamin  (jontent  of 

.1’  of  Texas  Puhlication  4137,  Oct.  1,  1941  p  27 

90.  Ruhho,  S  D.,  and  Gillespie,  J.  M.;  Para-Aminobenzoic  Acid  ^  a 
Bacterial  Growth  Factor.  Nature  14«:  838  (Dec.  ^8)  1940  o  i  ,is  a 

l64'(Febm4)^V94^F^‘’'"'  •'•'"’"'obenzoic  Acid,  a“vitamin;  Science  HP.: 


234 


C.  A.  ELVEHJEM 


not  related  to  pantothenic  acid,  since  tlie  ration  con¬ 
tained  an  adequate  amount  of  this  vitamin.  A  growth 
response  in  chicks  maintained  on  a  vitamin  K  deficient 
ration  was  also  obtained  when  300  micrograms  of  para- 
aminobenzoic  acid  per  gram  of  ration  was  added. 
Sure,®^  in  experiments  involving  pregnancy  and  lacta¬ 
tion  in  rats,  has  observed  definite  responses  to  para- 
aminobenzoic  acid.  There  is  some  evidence  in  clinical 
experiments  that  restoration  of  hair  pigment  may 
occur,®-  but  more  extensive  experiments  both  in  animal 
and  in  clinical  trials  are  necessary  before  the  vitamin 
nature  of  the  substance  can  be  clearly  established. 


OTHER  FACTORS  OF  THE  B  COMPLEX 


Although  the  nine  crystalline  factors  that  have  been 
described  include  almost  all  of  the  B  factors  required 
by  the  rat,  the  use  of  the  chick  as  the  experimental 
animal  gives  evidence  for  the  existence  of  several  addi¬ 
tional  factors  which,  because  of  their  water  solubility, 
should  be  classed  under  the  B  vitamins.  Schumacher, 
Heuser  and  Norris  have  fractionated  yeast  and 
obtained  two  growth  factors  which  could  not  be  replaced 
in  their  activity  by  any  of  the  known  B  vitamin  com¬ 
binations.  The  designation  of  R  and  S  factors  was 
applied  to  these  fractions.  The  identity  of  one  of  these 
factors  with  the  unknown  eluate  factor  which  Stok- 
stad  postulates  as  being  responsible  together  with 
pyridoxine  for  the  activity  of  factor  U  is  quite  prob¬ 
able. 


Aminoacetic  acid,  arginine  and  chondroitin  were 
found  through  the  experiments  of  Almquist  and  Heg- 
sted  as  the  factors  responsible  almost  entirely  for 
the  growth  responses  due  to  cartilage  and  termed  the 
“cartilage  growth  factor”  by  the  Wisconsin  workers. 
The  amino  acid  cystine  shows  indications  of  stimulating 
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growtli  wlien  fed  to  chicks  on  a  synthetic  ration,  itidi- 
cating  the  inadequacy  of  18  per  cent  casein  diets  in 
this  factor.®^  The  factor  required  by  Lactobacillus  casei 
has  been  shown  by  Hutchings  ®®  to  function  in  the 
nutrition  of  the  chick,  and  it  is  highly  probable  fioin  the 
comparison  of  chemical  and  other  properties  that  it  is 
identical  with  the  “folic  acid”  of  Williams  and  his 
co-workers  ®®  and  what  Stokstad  termed  a  nucleo- 
tide.” 

The  class  of  water  soluble  vitamins  found  in  citrus 
fruits,  vegetables  and  milk  include  ascorbic  acid,  vita¬ 
min  P,  the  “grass  juice  factor”  and  the  “milk  factor.” 

ASCORBIC  ACID,  OR  VITAMIN  C 
Ascorbic  acid  is  a  colorless  crystalline  compound 
with  a  mild  acidic  taste  resembling  that  of  citric  acid 
and  possesses  the  empirical  formula  C^HsOb.  The 
structural  formula  of  1-ascorbic  acid,  the  physiologically 
active  isomer,  is  represented  as  follows: 

«  «  r~0"n 


/-Ascorbic  dcic/ 


Ascorbic  acid  is  easily  destroyed  in  vegetables,  as 
illustrated  by  loss  of  50  per  cent  of  the  vitamin  content 
of  lettuce  and  spinach  when  stored  at  room  temperature 
for  several  days.  Cold  storage  is  an  effective  means 
of  preserving  this  factor  in  vegetables  and  fruits. 
Ascorbic  acid  is  very  easily  oxidized,  and  its  destruc¬ 
tion  during  cooking  is  probably  related  to  this  fact. 
Neutral  or  alkaline  solutions  are  more  conducive  to 
rapid  destruction  of  ascorbic  acid  than  are  acid  solu¬ 
tions. 


Much  evidence  for  the  relation  of  ascorbic  acid  to 
specific  enzyme  systems  is  available  from  in  vitro 
experiments,  but  whether  these  relationships  function 
in  the  animal  organism  is  not  clear.  An  important 
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argument  against  the  theory  of  ascorbic  acid  function¬ 
ing  as  a  respiratory  catalyst  is  the  failure  of  deficient 
tissues  to  show  decreases  in  respiration. 

Deficiencies  of  ascorbic  acid  can  be  demonstrated  only 
in  man,  the  monkey  and  the  guinea  pig,  the  other 
species  possessing  the  ability  of  synthesis  of  the  vitamin. 
In  infants,  especially  those  artificially  fed,  periosteal 
hemorrhages  occurring  around  the  bones  of  the  lower 
extremities  are  manifestations  of  the  deficiency,  while, 
in  adults,  petechial  hemorrhages  into  the  skin,  bleeding 
into  muscle  tissue  and  bloody  diarrhea  are  not  uncom¬ 
mon  signs.  The  relation  of  ascorbic  acid  to  the  resto¬ 
ration  of  the  fertilizing  capacity  of  the  bull  has  been 
recently  reported  by  Phillips  and  his  co-workers. 
The  ascorbic  acid  content  of  bull  semen  gives  an  index 
to  the  probable  potency  in  breeding ;  low  values  or 
exceptionally  high  values  of  ascorbic  acid  are  associated 
with  an  unreliable  breeding  record. 

The  vitamin  can  be  easily  determined  by  use  of  the 
dye  2-6  dichlorophenol  indophenol,  which  is  quantita¬ 
tively  reduced  by  ascorbic  acid  with  the  resulting  for¬ 
mation  of  the  colorless  form  of  the  dye  and  dehydro- 
ascorbic  acid.  Citrus  fruits,  spinach,  berries,  tomatoes 
and  cabbage  are  excellent  natural  sources  of  ascorbic 
acid. 

The  recommended  daily  allowance  for  an  average 
adult  man  is  75  mg.,  while  the  minimum  requirement 
has  been  set  at  30  mg.  daily.  The  high  requiremait 
of  the  infant  for  this  factor  is  provided  for  in  the  high 
concentration  of  ascorbic  acid  found  in  human  milk 
as  compared  with  cow’s  milk. 


CITRIN  (VITAMIN  P) 


A  substance  distinct  from  vitamin  C  has  been  reported 
as  existing  in  paprika  and  lemon  rind  by  Rusznyak 
and  Szent-Gy5rgyi.'°"  It  has  been  termed  “citrin” 
and  found  to  consist  of  two  flavonone  components, 
hesperidin  and  demethylated  hesperidin,  or  eriodictin. 
It  has  been  difficult  to  demonstrate  animal  responses 
to  such  flavonones,  but  in  several  clinical  trials  definite 
indications  of  the  functioning  of  these  substances  in  cer¬ 
tain  hemorrhagic  diseases  is  available.  Szent-G\org)i 
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and  his  co-workers  report  improvement  of  capillary 
resistance  and  permeability  in  several  cases  of  vasculai 
])iirpura.  Scarboroughd*^^  presenting  data  on  6  patients 
with  generalized  vitamin  deficiencies,  has  evidence  that 
intramuscular  hemorrhages  and  gingival  bleeding  were 
alleviated  by  large  doses  of  ascorbic  acid,  but  capillaiy 
resistance  remained  low  until  vitamin  P  preparations 
made  from  orange  juice  or  orange  peel  were  adminis¬ 
tered.  According  to  this  author  there  exists  a  dis¬ 
tinction  between  the  spontaneous  petechial  hemorrhages 
of  vitamin  P  deficiency  and  those  associated  with  low 
intake  of  ascorbic  acid. 

Citrin,  on  reduction  with  magnesium  in  the  presence 
of  concentrated  hydrochloric  acid,  forms  a  red  color. 
Red  is  produced  also  when  citrin  is  heated  with  sodium 
hydroxide.  These  reactions  have  been  used  by  some 
workers  for  the  estimation  of  this  substance  in  fruits 
and  vegetables,  but  poor  agreement  in  the  results  points 
to  the  nonspecificity  of  the  color  tests. 


GRASS  JUICE  FACTOR  AND  MILK  FACTOR 

On  rations  permitting  good  growth  in  the  rat  or 
those  adequate  for  the  chick,  guinea  pigs  do  not  sur¬ 
vive,  indicating .  that  other  unknown  factors  are  still 
lacking.  The  factor  found  in  fresh  grass  which  is 
required  by  the  guinea  pig  has  been  called  the  “grass 
juice  factor”  by  Kohler,  Elvehjem  and  Ilart.^*^®  Evi¬ 
dence  for  another  factor,  found  in  milk,  concerned  with 
stomach  hemorrhages  and  ulcers  in  this  animal  is  sug¬ 
gested  by  the  work  of  Kohler,  Randle,  Elvehjem  and 
Hart.^*’*’  The  usefulness  of  employing  a  variety  of 
species  of  test  animals  in  the  elucidation  of  dietary 
essentials  thus  cannot  be  disputed. 

Erom  this  short  discussion  it  is  obvious  that  the 
group  of  water  soluble  vitamins  includes  more  than 
a  dozen  separate  factors,  many  of  which  have  found 
an  important  place  in  human  nutrition.  Additional 
factors  have  been  added  to  this  group  within  the  past 
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two  years,  and  some  of  these  may  have  an  equally 
important  role  when  they  are  studied  more  extensively. 
I  doubt  that  any  one  will  deny  the  suggestion  that  there 
are  several  water  soluble  vitamins  left  to  be  identified. 

^  The  availability  of  the  several  synthetic  water  soluble 
vitamins  has  been  of  the  greatest  value  in  clinical  prac¬ 
tice,  but  the  common  foods  still  remain  the  best  source 
of  these  vitamins  in  practical  nutrition.  Aside  from 
the  gustatory  significance  of  properly  prepared  natural 
foods,  the  greatest  value  obtained  from  their  consump¬ 
tion  is  that  they  supply  the  unknown  factors  along  with 


Table  2. — Vitamin  Content  of  Commercial  Concentrates 


Milligrams  per 

unit  of  product 

Panto- 

Sample 

Nicotinic 

thenic 

No. 

Thiamine  Riboflavin 

Acid 

Pyridoxine 

Acid 

2 . 

.  0.3 

0.12 

0.8 

0.08 

3 . 

.  0.2 

0.3 

3.0 

0.03 

0.2 

4 . 

.  0.45 

0.08 

1.2 

8 . 

.  1.5 

0.37 

10.0 

0.2 

0.1 

11 . 

0.3 

0.1 

21 . 

.  1.0 

0.6 

5.0 

0.3 

0.3 

33 . 

.  1.2 

0.4 

10.0 

0.1 

0.1 

37 . 

.  1.8 

0.1 

10.0 

.  0.02 

39 . 

.  1.0 

1.0 

0.15 

0.03 

0.2 

48 . 

.  1.0 

1.2 

12.0 

1.2 

1.2 

67 . 

.  1.0 

1.0 

10.0 

0.1 

0.1 

76 . 

.  1.5 

0.5 

25.0 

0.12 

0.5 

90 . . 

.  5.0 

2.0 

20.0 

0.2 

102 . 

.  1.5 

1.0 

20.0 

0.2 

1.0 

no . 

.  0.15 

.005 

0.005 

0.003 

the  known.  All  the  known  water  soluble  vitamins  niay 
be  obtained  from  natural  foods  through  proper  selection. 
This  selection  is  not  an  easy  task  even  with  the  modern 
methods  of  food  production  and  distribution.  Some 
of  the  modern  methods  of  processing  increase  rather 
than  decrease  the  difficulties.  Often  more  emphasis  is 
placed  on  the  mere  use  of  natural  foods  than  on  the 
proper  combination  of  these  foods.  The  few  values 
given  in  table  1  clearly  indicate  the  fallacy  of  this 
emphasis.  Dififerent  natural  foods  differ  greatly  in  the 
amount  of  any  given  vitamin  which  they  contain. 
apples  contain  0.02  mg.  and  pork  loin  1.5  mg.  of  thia¬ 
mine  per  hundred  grams  and  both  are  natural^  foods. 
Eggs  supply  0.05  mg.  and  peanuts  13  mg.  of  nicotinic 
acid  per  hundred  grams.  In  addition,  any  one  foo 
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may  show  enormous  variations  in  the  amoinit  of  the 
different  B  vitamins  present.  Thus  oatmeal  coiitams 
08  mg.  of  thiamine  but  only  0.1  mg.  of  riboflavin 
per  hundred  grams,  while  calf’s  liver  contains  0.4  mg 
of  thiamine  and  3.2  mg.  of  riboflavin  per  hundred 
grams.  We  still  need  to  use  a  little  ingenuity  in  com- 
|X)unding  a  complete  diet  even  from  natural  foods. 

There  has  been  an  increasing  interest  in  eliminating 
the  effect  of  this  variation  by  prescribing  vitamin  con¬ 
centrates.  In  other  words,  a  tablet  or  a  capsule  may 
supply  the  daily  requirement  of  the  vitamins,  and  any 
pleasing  combination  of  foods  may  be  consumed  for  the 
rest  of  the  day.  .\  survey  of  the  concentrates  now  on 
the  market  shows  that  this  is  a  dangerous  practice  and 
that  the  composition  of  the  concentrates  varies  just 
as  much  as  natural  foods.  At  my  request  Mrs.  Sarah 
Ellen  Wenger  has  studied  the  composition  of  one  hun¬ 
dred  and  nineteen  vitamin  products  manufactured  by 
thirty-two  different  companies.  The  B  vitamin  content 
of  a  few  of  the  products  is  given  in  table  2.  The  thia¬ 
mine  content  varies  from  0.15  to  5.0  mg.,  the  riboflavin 
from  0.005  to  2.0  mg.,  the  nicotinic  acid  from  0.005 
to  25  mg.,  and  so  on.  In  a  single  product  (No.  37) 
the  thiamine  is  1.8,  the  riboflavin  0.1,  nicotinic  acid 
10.0,  and  vitamin  B,,  0.02  mg.  These  products  may  be 
useful  in  tbe  treatment  of  specific  deficiencies,  but  in 
practical  nutrition  they  give  us  no  greater  security 
than  the  proper  combination  of  natural  foods.  Thus 
we  not  only  need  to  identify  all  the  essential  vitamins 
but  we  must  give  consideration  to  the  distribution  of 
these  factors  in  foods  and  food  preparations  as  well  as 
the  daily  human  requirements. 
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CHAPTER  XII 


FOODS  OF  PLANT  ORIGIN 
LEONARD  A.  MAYNARD,  Pu.D. 

ITHACA,  N.  Y. 


Over  50  per  cent  of  the  American  diet  consists  of 
foods  of  plant  origin.  Indirectly  as  foods  for  animals, 
])lant  products  make  an  additional  contribution  to  the 
iuiman  diet  through  their  influence  on  the  nutritive 
value  of  animal  products. 

In  discussing  nutritive  values,  it  is  necessary  to  make 
use  of  certain  average  figures  for  nutrient  composition. 
Foods  of  plant  origin  are  subject  to  rather  wide  varia¬ 
tions  in  composition  as  influenced  by  genetic,  soil  and 
climatic  factors.  It  is  beyond  the  scope  of  this  article 
to  consider  these  factors.  Their  importance  is  illus¬ 
trated  by  the  study  of  Schultz  and  his  co-workers  ^ 
revealing  wide  variations  in  the  thiamine  content  of 
wheat  and  of  cereal  grains  of  different  origin.  Some  of 
the  factors  influencing  mineral  nutrition  have  recently 
been  reviewed  by  Maynard  -  and  by  Beeson.^  Fortu¬ 
nately  the  consumer  seldom  gets  his  supply  of  a  given 
food  from  a  single  agricultural  source,  and  thus  the 
significance  of  the  wide  variation  in  the  composition  of 
crops  differently  produced  is  not  nearly  so  great  as  the 
individual  values  might  suggest.  There  are  also  varia¬ 
tions  in  foods  as  consumed  caused  by  processing,  storage 
and  cooking  factors.  In  the  present  article  attention  is 
called  to  these  factors  if  they  have  a  particular  bearing 
on  the  significance  of  the  average  values  cited.  For 
convenience  of  discussion,  the  foods  of  plant  origin  are 
grouped  as  follows :  cereals,  legumes  and  nuts,  jiota- 
toes,  other  root  crops,  tomatoes,  leafy  vegetables,  mis¬ 
cellaneous  vegetables,  fruits,  sugar,  syrups  and  molasses 
and  vegetable  oils. 


1.  Schultz,  A.  S.;  Atkin,  I.,.,  and  Krey  C  N  *  A  PrpiiMiii-.  c 

(JaS  Sr'"  “  Cereals;  ctil’r 

2.  Maynard,  L.  A.:  Relation  of  Soil  and  Plant  Deficienries  c 

Nutrition,  Ann.  Rev  Biochem 

Reference  to ’the  Soils  L*'\v^hi*ch'^They°Are*Grown^  Particular 

369,  United  States  Uepartment  of  Agricultiue,  Mkr^h  Bulletin 
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CEREALS 

Under  cereals  are  included  the  cereal  grains  and  their 
products,  including  flour,  bread,  breakfast  foods,  crack¬ 
ers,  cookies,  pastry  and  macaroni.  Because  of  the  low 
cost  of  cereals  in  relation  to  most  other  foods,  their  con¬ 
sumption  is  largest  among  the  low  income  groups.  The 
importance  of  these  foods  in  the  diet  has  been  set  forth 
editorially  in  The  Journal^  as  follows; 

The  cereal  grains  are  the  backbone  of  the  nutrition  of  most 
of  the  races  of  the  earth.  They  are,  as  a  rule,  the  cheapest 
sources  of  food  fuel ;  so  that  corn,  wheat,  rice,  rye,  barley  and 
oat  kernels  are  to  be  found  constituting  a  third  or  often  much 
more  of  the  calory  intake  of  the  millions  of  persons  involved. 

Cereals  also  provide  a  third  or  more  of  the  protein 
of  the  American  diet.  While  this  protein  is  not  so  high 
in  biologic  value  as  that  of  animal  products,  combina- 


Table  1. — Proximate  Composition  of  Whole  Wheat  and 

of  White  Flour 


Carbo- 

Crude 

Fuel  Value 

Protein, 

Fat, 

hydrate.s. 

Fiber, 

per 

per 

per 

per 

per 

ICO  Gm., 

Cent 

Cent 

Cent 

Cent 

Calories 

Wheat  flour,  graham. . 

13.0 

2.0 

72.4 

1.8 

300 

Wheat  flour,  patent... . 

10.8 

0.9 

75.9 

0.3 

340 

tions  of  cereal  and  animal  protein  provide  a  diet  of 
excellent  protein  quality.  Important  amounts  of  phos¬ 
phorus  iron,  copper  and  other  minerals  and  of  certain 
vitamins  are  supplied  by  cereals.  Generalizations  here 
are  of  limited  value,  however,  because  of  the  differences 
among  cereals  and  the  losses  which  result  on  milling. 

^,^//,^a,/._Wheat  is  by  far  the  leading  cereal  in  the  diet 
in  the  United  States,  furnishing  approximately  25  per 
cent  of  the  total  calories  consumed.  The  total  per  capita 
flour  consumption  for  1941  is  estimated  at  155  pounds 
(70  Ks  )  97  per  cent  of  which  was  the  milled  product, 
leaving 'less  than  5  pounds  (2  Kg.)  as  vvKole  wheat  or 
crraham  flour.  The  consumption  of  wheat  breakfast 
foods  approximated  1/.  pounds  (0.7  Kg.)  per  capita. 
The  proximate  composition  of  the  flours,  as  listed  > 
Chatfield  and  Adams,°  is  presented  in  table  1. _ _ 

4  The  Cereals  in  Nutrition,  editorial,  J.  A.  M.  A.  95.  1101  (Oc 
June  1940. 
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It  is  clear  that  wheat  makes  a  siihstantial  contrihution 
to  the  protein  needs  of  the  diet.  Using  the  percentage 
figure  for  patent  flour,  one  may  calculate  that  the  aver¬ 
age  daily  consumption  of  6%o  ounces  (225  Gm.)  of 
flour  supplies  22  Gm.  of  protein  daily,  or  nearly  one- 
third  the  daily  allowance.  Whole  wheat  contains  more 
protein  than  white  flour,  and  its  protein  has  a  higher 
biologic  value,  but  when  white  flour  is  supplemented 
with  milk,  eggs  or  meat,  a  protein  mixture  of  high 
biologic  value  results.  The  much  lower  fiber  content  of 
patent  flour  reflects  the  removal  of  the  bran  in  milling. 
While  bran  contributes  laxative  qualities  to  the  diet, 
it  is  poorly  digested  and  may  be  somewhat  irritating  to 
the  mucous  membranes  of  the  digestive  tract.  The 


Table  2. — Vitamin 

and  Mineral 

Content  of 

Flours 

Whole  Wheat 

White 

Enriched 

Flour, 

Flour, 

Flour, 

Mg. /Lb. 

Mg. /Lb. 

.Mg. /Lb. 

Thiamine . 

2.20 

0.35 

1.66 

Riboflavin . 

0.50 

0.15 

1.20* 

Nicotinic  acid . 

26.76 

4.54 

6.00 

Iron . 

18.00 

3.00 

6.00 

Pantothenic  acid . 

6.03 

2.59 

Pvridoxine . 

2.09 

0.99 

Requirement  suspended  at  present. 


physiologic  effects  of  bran  have  been  reviewed  by  the 
Council  on  Foods.® 

In  table  2  are  presented  the  vitamin  and  mineral 
values  of  whole  wheat  and  white  flour  and,  for  compara- 
dve  purposes,  the  minimum  values  set  by  the  United 
States  government  for  enriched  flour.  The  values  for 
thiamine,  riboflavin,  nicotinic  acid  and  iron  are  taken 
from  Ferrari.^  Those  for  pantothenic  acid  and  pyri- 
doxine  were  supplied  by  Elvehjem.® 

The  large  milling  losses  of  vitamins  and  minerals  are 
evident  from  this  table.  The  data  show  that  the  out¬ 
standing  superiority  of  enriched  flour  over  ordinary 
white  flour  lies  in  its  fivefold  increase  in  thiamine  con¬ 
tent,  the  figure  being  75  per  cent  of  that  for  whole  wheat 


Significance  of  Bran,  J.  A. 


6.  Council  on  Foods:  The  Nutritional 
M.  A.  107:  874  (Sept.  12)  1936. 

I'  Vitamin  and  Mineral  Enrichment  of  Foods  North 

western  Miller  210:3  (April  29)  1942.  rooas,  worth 

p.,  aU /■  ’  Strong,  F.  M.,  and  Elvehjem,  C.  A.:  Nicotinic  Arid 

m2“"  Pyndoxine  in  Wheat  and  Wheat  Products.  J.  Nutn 
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flour.  ( )n  the  other  hand,  the  enrichment  in  nicotinic 
acid  and  iron  is  small  compared  with  the  amounts 
present  in  whole  wheat  flour.  The  data  show  that 
milling  results  in  a  60  per  cent  loss  of  pantothenic  acid 
and  a  50  per  cent  loss  of  pyridoxine.  Much  of  the 
phosphorus  and  certain  other  minerals  is  also  lost. 

The  enriched  flour  now  on  the  market  is  nearly  all 
produced  by  adding  the  nutrients  in  question  to  the 
refined  product.  somewhat  similar  result  can  he 
achieved  by  “longer  extraction”  in  milling,  that  is  by 
retaining  some  of  the  vitamin  and  mineral  rich  portions 
of  the  wheat  which  are  milled  out  in  making  patent 
flour.  d'his  is  the  procedure  officially  adopted  in 
Canada,  as  described  by  Tisdall  and  his  associates  ®  and 
by  Newman.^*^ 

Wheat  flour  is  consumed  to  a  large  extent  in  the  form 
of  bread,  of  which  85  per  cent  is  commercially  baked. 
Most  of  this  bread  is  made  from  white  flour,  but  it  is 
estimated  that  approximately  60  per  cent  of  the  bread 
now  consumed  is  the  enriched  product.  This  enriched 
bread  is  obtained  either  by  the  use  of  enriched  flour  or 
enriched  yeast  or  by  the  direct  addition  of  the  specified 
minerals  and  vitamins  to  the  dough. 

An  important  factor  in  the  nutritive  value  of  bread  is 
the  extent  to  which  skim  milk  solids  are  used  in  its 
manufacture.  Six  per  cent  of  these  is  mentioned  as 
the  desirable  amount  in  modern  bread,  but  apparently 
much  bread  is  made  with  3  per  cent  or  even  less  when 
the  cost  of  skim  milk  is  high.  Whole  wheat  bread  is 
commonlv  made  without  milk  solids,  d  he  inclusion  of 
6  per  cent  of  the  solids  increases  the  calcium  content  of 
white  bread  four  times  and  the  phosphorus  content 
twice  and  adds  60  micrograms  of  thiamine  and  360 
micrograms  of  riboflavin  per  pound.  It  also  improves 

the  protein  value  considerably. 

d'he  proposed  minimum  standards  which  are  now 
being  followed  for  enriched  bread  are,  per  pound,  thia¬ 
mine  1  mg.,  riboflavin  0.8  mg.,  nicotinic  acid  4  mg. 
and  iron  4  mg.'^  A  similar  content  of  skim  milk  solids 
being  assumed,  the  thiamine  content  is  approximately 
three  times  as  large  as  that  of  ordinary  bread,  the  iron 


9.  Tisdall,  F.  F.;  Jackson,  S.  9‘  The  Rerendon  of  Vhe 

wJlafvilaminJA^'l^Iour'Sd  Bre£  a  ProblenAof  National  Importance, 

of  R  Vitamins  in  Flour  and  Bread, 
I.  Ain  loc  Aeronomy  3-4:  109  (Feb.)  1942. 
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content  is  doubled  and  the  nicotinic  acid  content  is 
increased  slightly.  In  these  and  in  othei  nutrients  the 
enriched  product  falls  considerably  short  of  whole  wheat 
bread. 

Since  whole  wheat  bread  contains  the  bran  which  is 
largely  absent  in  white  or  in  enriched  bread,  the  ques¬ 
tion  of  relative  digestibility  is  an  important  one.  This 
question  was  thoroughly  studied  by  Rubner  during 
World  War  I.  He  found  that  the  advantage  of  the 
higher  protein  content  of  the  unmilled  product  was 
offset  by  its  lower  digestibility  and  that  it  contained 
slightly  less  total  available  calories.  Noteworthy 
modern  studies  have  recently  been  published  by  Murlin 
and  his  associates.^-  The  first  study  shows  that  whole 
wheat  bread  has  in  general  a  lower  protein  digestibilty 
value  but  a  higher  protein  biologic  value.  The  second 
study  reveals  no  significant  differences  in  the  digesti¬ 
bility  of  the  carbohydrates  of  the  two  breads.  The 
authors  point  out  that  any  differences  in  protein  or  in 
available  energy  values  are  small  and  of  little  impor¬ 
tance  as  compared  with  differences  in  vitamins  and 
minerals. 


Corn. — Corn  meal  is  the  chief  form  in  which  corn  is 
used  as  human  food,  representing  a  per  capita  consump¬ 
tion  of  23tio  pounds  (11  Kg.)  in  1939.  An  additional 
8  pounds  (4  Kg.)  is  consumed  as  breakfast  foods,  grits, 
hominy  and  canned  corn. 

The  corn  grain  is  approximately  equal  to  the  wheat 
grain  in  thiamine  content  but  contains  only  one-fourth 
as  much  nicotinic  acid.  It  is  a  good  source  of  phos¬ 
phorus  and  iron  and  certain  other  minerals.  But  much 
of  the  corn  meal  and  flour  consumed,  as  well  as  the 
hominy,  grits  and  breakfast  foods,  is  in  the  form  of 
milled  products.  The  milling  process  removes  the  germ 
and  the  bran  and  thus  takes  out  most  of  the  thiamine 
and  minerals  present  in  the  entire  kernel.  The  corn 
products  must  therefore  be  considered  to  be  primarily 
energy  yielding  foods.  They  contain  8  to  9  per  cent  of 
protein,  which  ranks  below  wheat  in  biologic  value  but 
which  combines  with  milk  to  provide  a  protein  mixture 


u.'phy^sS'V9lt'p.°6T.  Weizenbrot,  Arch.  f.  Anat. 

j-  Marshall,  Margaret  E.,  and  Kochakian  r  i'» 

wifh'nvtL^ 

Hreads,  ibid.  23 :  589  (dII)  1941  While 
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of  high  quality.  Yellow  corn  meal  differs  from  the 
white  variety,  as  well  as  from  other  cereals,  in  contain¬ 
ing  a  significant  amount  of  vitamin  A :  350  to  500  inter¬ 
national  units  per  hundred  grams.  In  view  of  the  rather 
large  consumption  of  corn  meal  and  other  milled  corn 
products  by  certain  groups  of  the  population,  the  wider 
use  of  the  unmilled  meal  or  the  development  of  milling 
methods  which  would  retain  nutrients  now  lost  would 
he  highly  desirable. 

Canned  corn  is  equal  to  corn  meal  in  energy  and  pro¬ 
tein  on  an  equivalent  moisture  basis  and  is  superior  to 
the  milled  product  in  mineral  and  thiamine  content. 

Oats. — Among  the  breakfast  food  cereals,  oatmeal 
and  rolled  oats,  the  principal  forms  in  which  oats  are 
consumed,  rank  first  both  in  quantity  eaten  and  in  nutri¬ 
tive  value.  Approximately  529  million  pounds  (240 
million  Kg.)  is  consumed  annually.  In  the  milling  of 
oats,  only  the  fibrous  hull  and  the  adhering  portions  are 
removed,  the  germ  and  the  other  vitamin-rich  and 
mineral-rich  portions  being  left  with  the  product  used 
for  human  food.  Thus  oatmeal  ranks  nutritionally  as  a 
whole  grain  cereal  rather  than  as  a  milled  product. 

Oat  cereals  rank  above  wheat  products  both  in  fuel 
value  and  in  protein  content.  Their  higher  fuel  value  is 
due  primarily  to  their  fat  content  (7.4  per  cent).  Their 
protein  content,  of  over  14  per  cent,  outranks  that  of 
white  wheat  flour  in  biologic  value.  Both  oatmeal  and 
rolled  oats  are  low  in  crude  fiber  and  when  properly 
cooked  are  highly  digestible. 

Oatmeal  is  considerably  richer  than  whole  wheat  in 
thiamine.  Aughey  and  Daniel  reported  that  one  hun¬ 
dred  and  twenty  minutes’  cooking  in  a  double  boiler  did 
not  cause  any  appreciable  loss  of  thiamine  from  rolled 
oats.  According  to  Andrews,  Boyd  and  Terry,^^  the 
riboflavin  content  of  the  oat  grain  averages  0.58  mg.  per 
pound.  ElvehjenO^^  has  found  the  following  values 
for  other  vitamins  in  oats :  nicotinic  acid  4.5  to  6.8  mg. 
per  pound,  pantothenic  acid  12.2  to  13.6  mg.  per 
Uund  and  pyridoxine  0.72  to  0.90  mg.  per  pound. 
It  seems  probable  that  most  of  the  vitamin  content 
here  represented  remains  in  the  cereal  after  milling. 


13.  Aughey,  Elizabeth,  and  Daniel,  Esther  P. :  Effe^  of  C(^kmg 
the  Thiamine  Content  of  F^ds^  J.^Numt.on^l9 :  2^85  iSoflavin 

Grain,  and  B^ad’and  I..  i" 
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Oatmeal  is  a  rich  source  of  iron  (5.2  mg.  i^r  hundied 
grams)  and  copper  (7.38  parts  per  million).  Its  phos¬ 
phorus  content,  66  per  cent  of  which  is  in  the  form  of 
phytin,  is  similar  to  that  of  whole  wheat. 

Rice.—R\ct  supplies  slightly  more  than  1  per  cent  of 
the  calories  of  the  average  American  diet,  the  annual 
per  capita  consumption  being  approximately  5  pounds 
(2  Kg.).  White,  or  milled,  rice,  the  form  in  which 
most  of  the  consumption  occurs,  is  essentially  an  energy 
food.  The  protein  content  is  around  7.5  per  cent,  thus 
being  lower  than  that  of  corn.  Over  50  per  cent  of  the 
minerals  and  85  per  cent  of  the  thiamine  of  the  entire 
kernel  are  lost  in  milling.  In  contrast,  brown  rice,  the 
product  that  results  when  only  the  hull  is  removed,  con¬ 
tains  0.7  to  0.9  mg.  of  thiamine  per  hundred  grams. 
It  is  nutritionally  superior  in  other  respects  also. 
A  change  from  white  to  brown  rice  would  certainly 
be  in  the  interests  of  better  nutrition. 

Rye. — The  consumption  of  rye,  mostly  as  milled  rye 
flour  in  bread,  is  less  than  3  pounds  (1.3  Kg.)  per 
capita  annually.  This  flour  is  similar  to  white  wheat 
flour  in  energy  and  in  protein  content.  The  whole 
grain  contains  approximately  2.4  micrograms  of 'thia¬ 
mine  per  gram.^^*^  Although  some  of  the  vitamins  are 
lost  when  rye  flour  is  degerminated  and  bleached  it  is 
still  a  better  source  of  most  of  the  B -complex  factors 
than  white  wheat  flour. 

Barley. — A  small  amount  of  barley  is  consumed  as 
pearl  barley  and  as  barley  flour  for  infant  feeding. 
These  are  milled  products  which  are  apparently  similar 
to  white  wheat  flour  in  energy  value  but  lower  in  pro¬ 
tein  content.  Milling  has  removed  minerals  and  vita¬ 
mins  to  an  extent  similar  to  that  in  which  it  removes 
them  from  wheat. 


LEGUMES  AND  NUTS 


Dry  legume  seeds,  such  as  beans,  peas  and  lentils,  are 
approximately  twice  as  rich  in  protein  as  the  cereals. 
While  most  legume  proteins  are  of  rather  low  biologic 
value  when  fed  alone,  their  deficiencies  are  made  up  bv 
other  proteins  in  a  mixed  diet.  Dried  beans,  either 
home  cooked  or  canned,  are  noteworthy  as  a  cheap 
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source  of  protein  even  though  the  digestibility  is  some¬ 
what  less  than  for  protein  from  many  other  sources. 

Dried  navy  and  kidney  beans,  green  or  dried  lima 
beans,  green  or  dried  peas,  lentils  and  cow  peas  are  all 
rich  sources  of  thiamine,  containing  around  0.5  mg.  per 
hundred  grams  of  the  dried  seed.  A  ])art  of  this  thia¬ 
mine  is  lost,  however,  in  the  cooking  process.  Two- 
thirds  cup  of  baked,  canned  beans  should  nevertheless 
supply  one  eighth  of  the  day’s  thiamine  requirement. 
'I'hese  legumes  also  supply  signihcant  amounts  of  ribo¬ 
flavin.  Fresh  green  lima  beans  and  peas  are  rich  in 
ascorbic  acid,  but  a  large  loss  is  involved  in  cooking. 
The  legume  seeds  are  noteworthy  also  for  their  iron  con¬ 
tent,  the  dried  products  containing  from  6  to  10  mg.  per 
hundred  grams.  Two-thirds  cup  of  baked  beans  will 
supply  one-fourth  the  daily  adult  allowance.  Legume 
seeds  are  notably  higher  in  calcium  and  in  phosphorus 
than  are  even  the  whole  cereal  seeds. 

It  is  evident  that  a  larger  consumption  of  dried 
legumes,  particularly  in  place  of  refined  cereals,  would 
improve  the  diet  in  several  respects  Their  cheapness 
commends  them  especially  for  use  in  low  cost  diets. 

Green  and  yellow  string  and  wax  beans,  classed  as 
seed ‘pods,  are  comparable  to  the  legume  seeds  in  pro¬ 
tein,  minerals  and  thiamine  per  unit  of  dry  matter  and 
in  addition  contain  notable  amounts  of  vitamin  A,  ribo¬ 
flavin  and  ascorbic  acid. 

I’eanuts  have  nutritive  values  similar  to  those  of  the 
other  legumes,  but  in  addition  contain  vitamin  A,  ha\e 
a  much  higher  energy  value  and  the  i)rotein  is  of  high 
biologic  value.  Peanut  butter  has  a  nutritive  value 
similar  to  that  of  peanuts.  Soybeans  are  nutritionally 
similar  to  peanuts.  They  are  little  used  as  human 
food  in  this  country.  Walnuts  are  comparable  to  pea¬ 
nuts  in  thiamine  content,  but  almonds  and  pecans  have 
somewhat  less.  All  three  have  a  high  fat  and  a  high 
protein  content  and  are  comparable  to  peanuts  as 
sources  of  calcium  and  phosphorus. 


VtX.ETABLES 


Under  the  heading  "Vegetables'’  are  grou|)ed  a  great 
variety  of  fo<Kls  which  dilfer  widely  in  the.r  nntntive 


values. 

Potatoes. — According 
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or  Irish  jwtatoes  were  consumed  in  the  United  States 
in  1939,  or  approximately  138  pounds  (63  Kg.)  per 
capita.  Thus  potatoes  provide  approximately  4  per  cent 
of  the  total  calory  needs  on  the  average.  For  many 
l^ople,  however,  particularly  the  lower  income  groups, 
potatoes  make  up  a  much  larger  part  of  the  diet  than 
this  average  figure  indicates,  and  their  nutritive  value 
is  of  added  concern  accordingly. 

Potatoes  are  primarily  an  energy  food,  consisting 
largely  of  starch.  Approximately  10  |>er  cent  of  the 
total  calories  are  in  the  form  of  protein  of  good  biologic 
value.  The  potato  is  low  in  fiber,  and  according  to 
various  investigators  it  is  highly  digestible  (92  to 
99  per  cent  being  used).  It  is  a  significant  source  of 
iron,  in  that  one  medium-sized  ]K)tato  may  provide  as 
much  as  one-tenth  of  the  daily  requirement. 

As  harvested,  potatoes  contain  12  to  35  mg.  of 
ascorbic  acid  per  hundred  grams  and  thus  provide  a 
substantial  amount  of  this  vitamin.  There  is  a  con¬ 
tinuous  loss  in  storage,  however,  which  amounts  to  50 
to  70  per  cent  in  twelve  months.  The  initial  loss  is 
rapid.  There  is  a  further  loss  in  cooking,  ranging 
from  14  to  66  per  cent  according  to  the  procedure,  as 
reported  by  Esselen  and  coworkers.'® 

The  thiamine  content  of  the  potato  ranges  from 
95  to  165  micrograms  per  hundred  grams,  which  would 
mean  from  8  to  14  per  cent  of  the  adult  daily  require¬ 
ment  in  a  150  Gm.  serving  (approximately  the  average 
daily  consumption)  if  it  were  not  for  cooking  losses. 
The  potato  does  not  supply  a  significant  amount  of 
riboflavin.  Iron  is  richest  in  the  outer  portions  of 
the  potato;  vitamin  C  seems  to  be  evenly  distributed 
throughout.  There  is  evidence  that  the  vitamin  and 
mineral  loss  is  less  in  potatoes  boiled  with  the  skins 
on  than  when  baked,  but  the  loss  is  greatest  for  peeled 
potatoes. 


The  consumption  of  sweet  potatoes  in  pounds  is  only 
about  25  per  cent  that  of  the  white  variety  previously 
discussed,  but  it  is  approximately  35  per  cent  in  terms 
of  calories,  owing  to  the  higher  dry  matter  content  of 
the  sweet  variety.  Like  the  white,  the  sweet  potato  is 
primarily  an  energy  food,  low  in  fiber  and  highly  digesti- 
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ble.  Only  6  per  cent  of  the  total  calories  are  in  the 
form  of  protein,  as  compared  with  10  per  cent  for  the 
white  variety. 

Sweet  potatoes  are  esj>ecially  noteworthy,  however, 
for  their  vitamin  A  value.  Booher  gives  a  value  of 
3,460  international  units  per  hundred  grams  of  the 
cooked  product.  Thus  an  average  sized  serving  would 
supply  two-thirds  the  adult  daily  allowance  of  5,000 
international  units.^^  Sweet  potatoes  are  apparently 
similar  to  white  in  vitamin  C  content  but  lower  in 
thiamine.  They  are  also  lower  in  iron  and  make  no 
significant  contribution  to  the  diet  as  regards  other 
minerals,  except  possibly  in  certain  trace  elements.  An 
excellent  study  of  the  nutritive  value  of  dehydrated 
sweet  potatoes  has  recently  been  published  by  Lease 
and  Mitchell.^* 


Other  Root  Crofts. — Among  other  root  crops  the 
carrot  is  high  in  carotene  content.  Converting  the 
carotene  into  international  units  of  vitamin  A  the 
values  range  from  2,200  to  10,000  units  per  hundred 
grams,  so  that  approximately  three-fourths  of  a  cup 
of  cooked  carrots  should  furnish  one-third  to  three- 
fourths  of  the  daily  adult  allowance.  However,  there 
is  some  question  as  to  how  well  carotene  from  various 
sources  is  utilized  by  the  body.  According  to  experi¬ 
ments  at  the  U.  S.  Plant,  Soil  and  Nutrition  labora¬ 
tory  at  Cornell  University  the  white  rat  utilized  only 
33  per  cent  of  the  carotene  from  carrots.  Utilization 
values  as  low  as  1  to  19  per  cent  for  man  have  been 
reported  in  the  literature. 

Compared  with  the  carrot  on  a  calory  basis,  turnips 
furnish  similar  amounts  of  thiamine,  riboflavin,  iron  and 
protein  50  per  cent  more  calcium  and  eight  times  as 
much  vitamin  C.  Swede  juice  has  been  reported  one- 
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half  as  rich  as  orange  juice.  One-half  cup  of  properly 
cooked  turnips  should  supply  approximately  one-hfth 
the  adult  daily  allowance  of  ascorbic  acid.  Beets  ai^ 
similar  to  carrots  as  regards  riboflavin  and  vitamin  C 
content  and  contain  more  iron  and  protein.  Raw 
onions  are  also  a  good  source  of  vitamin  C  according  to 
Murphy/®  but  storage  losses  range  from  14  to  50  per 
cent,  and  thus  old  onions  are  not  a  reliable  source. 

Tomatoes.~Tomd.\.ots  are  one  of  the  most  important 
protective  foods,  both  because  of  their  special  nutritive 
values  and  because  of  their  widespread  production. 
They  rank  third  in  quantity  among  the  vegetable  crops, 
being  exceeded  only  by  white  and  sweet  potatoes. 
Among  the  canned  vegetables,  the  tomato  in  its  various 
forms  ranks  first. 

Tomatoes  are  outstanding  as  a  source  of  ascorbic  acid, 
having  an  average  content  of  25  mg.  per  hundred  grams 
for  the  summer  grown  products.  Thus  one  small 
tomato  will  supply  about  one-third  the  recommended 
daily  allowance  for  the  adult  (75  mg.).  The  acidity  of 
the  tomato  protects  it  against  any  considerable  loss  in 
cooking  unless  soda  is  used  in  the  process.  In  the 
canning  of  tomatoes  and  tomato  juice  there  is  little  loss 
of  the  vitamin  if  the  process  is  properly  carried  out. 
One  5  ounce  (150  cc.)  glass  of  tomato  juice  supplies 
about  one-third  the  daily  allowance.  Recent  evidence 
indicates  that  tomatoes  as  purchased  on  the  northern 
markets  in  winter  contain  much  less  ascorbic  acid  than 
those  available  in  summer. 

Tomatoes  are  also  rich  in  carotene.  Ri})e  tomatoes, 
fresh  or  canned,  contain  approximately  1,000  inter¬ 
national  units  of  vitamin  A  per  hundred  grams.  This 
means  that  one  small  tomato  or  a  5  ounce  glass  of 
canned  juice  will  supply  about  one-fifth  the  daily  adult 
allowance. 


On  the  basis  of  the  available  figures,  tomatoes  in  the 
amounts  consumed  cannot  be  considered  as  an  impor¬ 
tant  source  of  any  of  the  B  group  of  vitamins  or  of  the 
mineral  elements  with  the  possible  exception  of  iron. 

Leajy  Vegetables. leafy  vegetables,  including 
cabbage,  kale,  chard,  broccoli,  spinach,  turnip  greens 
collards,  lettuce  and  beet  greens,  are  outstanding  sources 
of  certain  minerals  and  vitamins.  They  are  particu- 
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larly  noteworthy  for  their  calcium,  the  important  ele¬ 
ment  in  which  cereals,  potatoes  and  most  other  foods 
except  milk  and  cheese  are  deficient.  Among  the  leafy 
vegetables  mentioned,  turnip  greens  rank  at  the  top  in 
calcium  content.  (3ne-half  cup  (3  ounces,  or  90  cc.) 
of  the  cooked  greens  will  supply  approximately  one- 
third  the  daily  adult  allowance.  Broccoli,  collards,  kale, 
loose  leaf  lettuce  and  mustard  greens  are  also  rich 
sources.  Head  lettuce  and  cabbage  are  relatively  low, 
but  cabbage  greens  and  the  outer  leaves  of  cabbage  rank 
even  higher  than  turnip  greens. 

Experiments  by  Fincke  have  shown  that  the  calcium 
content  of  broccoli  and  that  of  cauliflower  are  nearly 
as  available  as  that  of  milk.  Speirs  has  reported  that 
the  utilization  of  calcium  from  turnip  greens  is  about 
equal  to  that  from  milk  Init  that  the  calcium  in  tender 
greens,  collards  and  kale  is  less  well  utilized.  The 
calcium  of  spinach,  beet  greens,  chard  and  lamb’s- 
(piarters  is  not  nutritionally  available  because  of  the 
high  oxalic  content  of  these  vegetables. 

The  calcium  contribution  of  green  leafy  vegetables 
becomes  particularly  important  in  diets  containing  little 


milk  or  cheese. 

The  green  leafy  vegetables  are  important  sources  of 
iron.  A  serving  (3  ounces)  of  cooked  turnip  greens, 
mustard  greens,  spinach,  chard  or  beet  greens  will  sup¬ 
ply  approximately  25  per  cent  of  the  adult  daily  allow¬ 
ance.  Kale  supplies  somewhat  less,  and  headed  lettuce 
and  cabbage  are  relatively  poor  sources. 

d’he  green  leafy  vegetables  are  all  rich  sources  of 
carotene  and  thus  make  an  imixjrtant  contribution  to 
the  vitamin  A  content  of  the  diet.  Sherman  --  gave  a 
range  of  13,000  to  27,000  international  units  hun¬ 
dred  grams  for  kale,  chard,  spinach,  turnip  greens, 
dandelion  greens  and  mustard  greens.  The  greener  and 
leafier  the  product,  the  higher  is  the  vitamin  A  content. 
Carotene  from  green  leafy  vegetables  seems  to  be  better 
utilized  than  that  from  the  yellow  vegetables.  Allow¬ 
ing  for  losses  in  cooking  and  for  the  fact  that  the 
vitamin  allowance  must  be  higher  when  carotene  is  the 
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source,  a  3  ounce  serving  of  one  of  these  greens  can 
be  relied  on  to  meet  more  than  the  day  s  needs.  Headed 
cabbage  and  lettuce  are  relatively  poor  sources. 

In  die  fresh  state,  the  leafy  vegetables  are  excellent 
sources  of  vitamin  C.  A  cup  of  raw  shredded  cabbage 
will  furnish  nearly  a  third  of  the  day’s  allowance. 
Watercress,  collards,  broccoli,  turnip  greens,  mustard 
greens  and  kale  are  similar  m  vitamin  C  content  to 
cabbage ;  beet  greens  and  dandelion  greens  contain 
somewhat  less;  lettuce,  escarole  and  endive  contain 
much  less.  Leafy  vegetables  lose  vitamin  C  by  oxidation 
in  storage  and  also  in  cooking.  Further  losses  occur 
by  .solution  in  cooking  if  the  cooking  water  is  dis¬ 
carded.  Gould,  Tressler  and  King-®  found  that,  in 
cooking,  25  per  cent  of  the  vitamin  C  of  cabbage  was 
destroyed  by  oxidation  and  another  25  per  cent  lost 
in  the  cooking  water.  Other  vegetables  have  shown 
similar  losses.  In  the  preparation  of  vegetables,  fur¬ 
ther  destruction  of  vitamin  C  by  oxidation  occurs  when 
they  are  crushed  or  bruised  or  allowed  to  stand  for 
long  periods  of  time  at  room  temperature  both  before 
and  after  cooking.  Cutting  and  chopping  into  small 
pieces  also  accelerates  the  oxidation  of  vitamin  C  but 
in  order  to  reduce  the  cooking  time  it  is  sometimes 
advisable  to  do  this  with  large  vegetables,  particularly 
if  they  are  cooked  in  very  small  amounts  of  water. 
Vitamin  C  losses  can  be  decreased  by  refrigerating 
the  vegetable  until  ready  to  prepare  and  serve.  In 
cooking  use  as  little  water  as  i)ossible,  have  the  water 
boiling  to  start  with,  bring  the  water  back  to  the  boil 
quickly  after  adding  the  vegetables  and  keep  the  cook¬ 
ing  time  at  a  minimum.  The  same  methods  which 
help  to  conserve  the  vitamin  C  \’alue  will  also  conserve 
riboflavin,  thiamine  and  mineral  values.  All  these  food 
components  are  more  or  less  water  soluble. 


Most  of  the  green  leafy  vegetables  are  excellent 
.sources  of  riboflavin,  the  leaves  being  much  richer  than 
the  stems.  A  serving  of  cooked  beet  greens  will  supplv 
about  one-fourth  of  the  daily  adult  allowance.  Spinach 
and  kale  supply  about  one-fifth.  ( )ther  greens  supply 
a  lesser  amount,  headed  cabbage  and  lettuce  ranking 
at  the  bottom  of  the  list.  Leafy  vegetables  are  not  a 
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5^00(1  source  of  thiamine,  furnishing  only  3  to  9  per 
cent  of  the  adult  daily  allowance.  The  destruction  in 
cooking  usually  does  not  exceed  10  to  15  per  cent,  but 
the  addition  of  soda  increases  destruction,  and  when 
large  amounts  of  water  are  used  and  discarded,  large 
additonal  losses  occur  by  solution.  Certain  leafy  vege¬ 
tables  have  been  found  effective  in  preventing  and  cur¬ 
ing  pellagra,  but  there  are  practically  no  data  available 
regarding  their  specific  nicotinic  acid  content. 

In  the  amounts  commonly  consumed,  leafy  vegetables 
are  of  little  significance  as  energy  foods,  but  their  higher 
carbohydrate  content  provides  roughage,  which  is  needed 
in  certain  diets.  They  are  relatively  richer  in  protein 
than  in  calories,  and  their  protein  ranks  above  seed 
proteins  in  general  in  biologic  value.  However,  the 
actual  contribution  to  the  diet  in  the  amounts  com¬ 
monly  consumed  is  small. 

Miscellaneous  Vegetables. — There  are  several  other 
vegetables  which,  although  limited  as  to  general  use, 
make  important  contributions  to  the  diet  of  certain 
groups.  The  Hubbard,  or  winter,  variety  of  yellow 
squash  contains  6,000  international  units  of  vitamin  A 
[>er  hundred  grams.  One-half  cup  of  the  cooked  prod¬ 
uct  supplies  nearly  one-half  the  adult  daily  allowance. 
Summer  squash  contains  much  less.  Pumpkin  furnishes 
approximately  one-fourth  as  much  as  winter  squash. 

A  serving  of  fresh  asparagus  (nonbleached)  can 
furnish  approximately  one-seventh  the  day’s  allowance 
of  vitamin  A  and  one-sixth  that  of  vitamin  C.  It  is 
also  a  significant  source  of  calcium  and  iron.  Brussels 
sprouts  are  rich  sources  of  vitamin  C  and  also  furnish 
significant  amounts  of  iron,  calcium  and  vitamin  A. 
Cauliflower  is  notable  for  its  content  of  ascorbic  acid, 
thiamine  and  riboflavin. 

One  medium  sized  sweet  pepper  will  furnish  «S70 
international  units  of  vitamin  A  and  180  to  200  mg. 
of  vitamin  C.  Chili  peppers,  whether  fresh  or  dried, 
are  a  good  source  of  vitamin  A.  Fresh  chili  is  an  e^^el- 
lent  source  of  vitamin  C.  Some  of  the  vitamin  C  is 
retained  on  canning.  Okra  contains  2,200  international 
units  of  vitamin  A  per  hundred  grams.  Parsley,  which 
is  used  mainly  for  decoration,  is  an  excellent  source  o 
both  vitamin  A  and  iron.  When  fresh  it  furnishes  some 
vitamin  C. 
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FRUITS 


According  to  United  States  Department  of  Agricul¬ 
ture  statistics  for  1939,  the  present  per  capita  consurnp- 
tion  of  fruits,  calculated  on  the  fresh  basis,  was  zzl 
pounds  (100  Kg.).  Of  this  total,  75  per  cent  was  con- 
sumed  fresh  and  15  per  cent  canned,  and  the  remainder 
was  divided  between  dried  fruits  and  juices.  Apples 
outranked  all  other  fruits,  representing  oyer  one-fourth 
the  total  consumption.  But  citrus  fruits  as  a  class 
exceeded  apples  by  50  per  cent  or  more.  The  nutritive 
values  of  various  fruits  have  been  excellently  sum¬ 
marized  in  a  recent  article  by  Morgan, and  I  have 
drawn  on  this  article  for  many  of  the  data  which  follow. 

Fruits  do  not  contribute  important  amounts  of  either 
calories  or  proteins  to  the  diet,  but  they  are  of  out¬ 
standing  value  because  of  their  content  of  certain  vita¬ 
mins  and  minerals.  As  a  class,  fruits  are  imjxjrtant 
sources  of  ascorbic  acid,  certain  members  of  the  B  com¬ 
plex,  vitamin  A,  iron  and  other  minerals,  but  there  is 
a  large  variation  among  the  different  kinds  as  regards 
the  extent  of  their  contributions. 

The  citrus  fruits  are  especially  important  for  their 
ascorbic  acid  content.  A  medium-sized  orange  weigh¬ 
ing  around  5>^  ounces  (155  Gm.)  will  meet  the  daily 
adult  allowance.  A  somewhat  greater  weight  of  grape¬ 
fruit  is  required.  Four  and  one-half  ounces  (130  Gm.) 
of  canned  orange  or  lemon  juice  or  6  ounces  (170  Gm.) 
of  canned  grapefruit  juice  would  supply  the  daily  allow- 
pice.  While  the  citrus  fruits  cannot  be  considered 
important  sources  of  other  nutrients,  they  do  contain 
iron,  calcium  and  thiamine  in  amounts  which  are  of 
some  significance  in  the  diet.  Pineapples,  which  are 
consumed  mostly  canned  or  as  juice,  contain  about 
half  as  much  vitamin  C  as  do  citrus  fruits  and  are  in 
general  similar  in  other  values. 


Apricots  and  yellow  peaches  are  important  sources  of 
vitamin  A.  The  day  s  adult  allowance  is  supplied  by 
33^  ounces  (100  Gm.)  of  fresh  or  canned  apricots  oV 
by  approximately  three  times  as  much  fresh  or  canned 
peaches.  Weight  for  weight,  dried  peaches  and  dried 
apricots  supply  approximately  three  times  as  much 
vitamin  A  as  the  fresh  products.  Canteloupes  contain 
about  half  as  much  of  this  vitamin  as  do  fresh  peaches. 
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and  they  are  an  important  source  of  ascorbic  acid. 
Dried  prunes  furnish  significant  amounts  of  vitamin  A, 
riboflavin  and  thiamine.  Plums  rank  above  other  fresh 
fruits  in  thiamine  content.  Apricots,  j^eaches  and  to  a 
lesser  extent  prunes  are  significant  sources  of  iron. 

Apples  cannot  be  considered  a  large  source  of  any 
vitamin  or  mineral  nutrient.  In  view  of  their  large 
consumption,  however,  they  do  make  a  significant 
contribution  of  ascorbic  acid  to  the  diet.  A  medium 
sized  apple  weighing  6  ounces  supplies  on  the  average 
about  one-tenth  the  day’s  allowance,  but  there  are 
decided  dififerences  among  varieties.  The  keeping  quali¬ 
ties  of  apples  make  it  possible  for  them  to  be  marketed 
throughout  the  winter  in  latitudes  where  fresh  grown 
sources  of  vitamins  are  unavailable  or  high  in  price. 
In  rural  areas  in  which  they  are  produced,  home  stored 
apples  undoubtedly  make  an  imix^rtant  contribution  of 
ascorbic  acid  to  the  diet  during  the  winter  season,  when 
the  problem  of  getting  adequate  supplies  of  this  vitamin 
is  most  difficult.  Apples  also  contain  a  significant 
amount  of  iron.  There  is  a  25  per  cent  loss  of  vita¬ 
min  C  in  making  applesauce,  d  he  loss  is  greater  when 
apples  are  baked  or  made  into  pie. 

Bananas  are  similar  to  apples  in  vitamin  C  value . 
they  contain  almost  twice  the  iron.  Bananas  aie  a 
significant  source  of  vitamin  A.  .... 

Fresh  strawberries  are  another  food  high  m  vitamin 
C.  the  range  for  eleven  varieties  being  lietween  40  to 
104  mg.  per  hundred  grams.  'I'lius  one-half  cup  would 
supply  from  two-thirds  to  more  than  the  daily  need 
for  ascorbic  acid."'’’ 


SUGAR,  SYRUPS  AND  MOLASSES 

White  sugar  contributes  only  calories  to  the  diet.  It 
is  clear  that  the  present  large  consumption  of  sugar  is 
disadvantageous  in  that  it  means  a  smaller  consuinption 
of  nutritionally  superior  foods.  Furthermore,  there  is 
evidence  that  sugar  is  a  factor  in  tootli  decay.  Broun 
sugar,  corn  syrup,  honey,  maple  syrup  and  maple  sugar 
■onmin  small  amounts  if  calciun.  and  .ron.  Molasses 

is  an  excellent  source  of  both,  1/.  : 

lug  approximately  one-tenth  the  estimatec  tai\ 
allowance  of  calcium  and  one-fifth  the  estimated  dail.'_ 

25.  Burkhart.  L.  and  I.inrberr,,  R.  A.:  d’E^T'li^lTrch  T-m'i.li 
and  Its  Sami.ling  Variation  in  .Strawberries,  l-oo.l  Reseaicn 

1942. 
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adult  need  of  iron.  Sorghum  supplies  a  lesser  amount 
of  calcium  and  about  an  equal  amount  of  iron.  Table 
blend  syrups  contain  a  significant  but  lesser  amount 
of  iron. 

VEGETABLE  OILS 

Cottonseed,  corn,  soybean,  peanut  and  olive  oils  and 
in  lesser  amounts  other  vegetable  oils  are  consumed 
as  shortenings,  salad  oils  and  margarines.  The  oils  as 
such  are  sources  onl}'  of  energy.  Many  oleomargarines 
are  now  fortified  with  9,000  international  units  of  vita¬ 
min  A  per  ]X)und  ;  they  also  supply  some  vitamin  D. 
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CHAPTER  XI 11 


FOODS  OF  ANIMAL  ORIGIN 

H.  C.  SHERMAN,  Ph.D. 

NEW  YORK 


NATURAL  AND  ECONOMIC  RELATIONSHIPS 

Grouped  according  to  natural  relationships  and  then 
arranged  in  descending  order  of  economic  prominence, 
the  chief  types  of  food  of  animal  origin  are  as  follows: 

1.  Meats,  including  fish  and  poultry,  which  together  command 
about  one  fourth  i  of  the  average  American  expenditure  for 
food. 

2.  Milk  in  its  various  forms,  including  cheese,  cream  and 
ice  cream,  representing  usually  one  tenth  to  one-eighth  of  the 
food  budget. 

3.  Butter  and  other  animal  fats,  about  one  tenth. 

4.  Eggs,  about  one  twentieth. 

5.  Shellfish,  which  occupy  but  a  small  place  in  the  nation’s 
food  budget  but  lend  interest  to  variations  in  the  dietary. 

While  this  sketch  will  be  systematized  largely  in 
terms  of  this  fivefold  grouping  of  its  subject  matter, 
it  will  also  be  possible  to  avoid  repetition  by  arranging 
the  discussion  according  to  successive  aspects  of  nutri¬ 
tive  value. 


PHY.SICAL  STRUCTURE,  PROXIMATE  COMPOSITION, 
PROTEIN  AND  ENERGY  VALUES 
IN  NUTRITION 


Meats,  Poultry  and  Fish. — In  recent  years  pork  has 
somewhat  outranked  beef  in  the  American  food  supply, 
with  lamb  and  mutton  occupying  a  place  far  below  that 
of  beef  and  veal.  The  slaughtering  of  the  meat  animals 
of  these  three  species  is  a  highly  centralized  industry 
m  the  sense  that  a  large  proportion  of  the  animals  raised 
tor  meat  are  slaughtered  in  large  establishments. 

in  the  case  of  swine  the  head  is  left  on  the  dressed 
carcass,  while  with  cattle,  sheep  and  lambs  the  head 
IS  renioved  and  the  dressed  carcass  divided  longitudi- 
nally  by  splitting  the  backbone.  For  this  reason  and 

what-  ‘o  be  some- 

sometimes  includefi  under  meats  and  sometime!  ululer  ’fats 
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also  because  of  greater  fatness  the  dressed  weight  of 
swine  is  about  80  per  cent  of  the  live  weight ;  of  beef 
it  is  about  60  per  cent ;  of  lamb  and  mutton,  about 
45  to  50  per  cent.  Of  the  butcher’s  meat  about  97 
to  98  per  cent  is  muscle,  with  its  accompanying  adipose 
tissue  and  bone,  and  only  about  2  to  3  per  cent  is  liver. 
That  there  is  no  way  of  increasing  the  ratio  of  liver 
to  muscle  meat  is  of  course  an  obvious  fact  yet  one 
which  often  seems  to  be  forgotten  when  liver  is  empha¬ 
sized  as  a  food.  Liver  can  never  take  a  large  part  in 
the  general  food  supply ;  its  importance  in  dietetics  lies 
in  getting  it  consumed  by  the  patients  who  specifically 
need  it  rather  than  in  teaching  other  people  to  want  it. 

The  proximate  composition  and  energy  value  for  each 
sufficiently  important  food  of  animal  origin  is  given  in 
table  1,  based  on  the  recent  government  compilation  of 
such  data  for  these  and  other  American  food  materials.- 

Market  classes  and  grades  of  beef  and  lamb  relate 
to  physical  properties  of  the  meat  which,  except  as 
fat  afifects  both,  have  little  if  any  nutritional  significance. 
Such  conventional  preferences  should  be  rescrutinized 
from  time  to  time  in  the  light  of  newer  knowledge :  for 
example,  the  fashion  has  been  to  prefer  that  meat  fat 
be  firm  and  white,  whereas  we  now  know  that  a  softei , 
yellower  meat-fat  is  apt  to  be  superior  nutritionally. 

The  muscle  tissue,  considered  separately  from  all 
deposited  fat,  i.  e.  “clear  lean”  meat,  is  of  fairly  constant 
composition :  about  1  per  cent  of  total  mineral  mattei , 
20  to  25  per  cent  of  protein  and  the  rest  water.  There 
is  somewhat  less  protein  and  more  water  in  the  muscle 
tissue  of  fish  than  of  land  animals,  and  in  young  than 
in  mature  animals  of  a  given  species ;  hut  among  the 
meats  and  fish  ordinarily  entering  into  the  human  diet¬ 
ary  the  latter  dififerences  are  not  of  such  degree  as  to 
have  much  effect  on  nutritive  values. 

The  outstanding  source  of  difference  in  the  nutri¬ 
tional  character  of  meats  is  the  widely  varying  pro¬ 
portion  of  fat.  The  fatty  layers,  or  masses  or  adipose 
tissues,  of  meat  may  be  thought  of  as  similar  in  com¬ 
position  to  butter:  80  to  90  per  cent  of  actual  fat,  with 
about  15  per  cent  of  water,  small  amounts  of  protein 


and  salts. 


2.  Chatfield.  Charlotte,  and  Adams  Georgian: 
of  American  Food  Materials.  Circular.  549,  U.  S.  Uept.  Agricum 

June  1940. 
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The  approximate  average  percentages  of  protein  and 
fat  have  been  determined  for  many  kinds  and  cuts  ot 

meat  as  illustrated  in  table  1.  ... 

This  table  also  shows  the  proximate  composition  and 
energy  values  of  the  other  chief  foods  of  animal  origin. 

In  composition  and  energy  value  there  is  no  distinct 
gap  between  the  fat  meats  and  the  commeicial  fats. 
Fat  pork  is,  in  fact,  sometimes  grouped  with  meats  and 
sometimes  with  fats.  If  this  is  kept  in  mind  it  will 
clear  up  some  apparent  discrepancies  in  food  statistics. 

Eggs,  like  lean  meats,  are  about  three  fourths  water, 
with  about  1  per  cent  of  mineral  matter ;  but  the  organic 
matter  for  the  egg  as  a  whole  consists  about  equally  . 
of  protein  and  fat.  Egg  white  is  about  seven  eighths 
water  and  one  eighth  protein,  while  egg  yolk  is  about 
one  half  water,  one  third  fat  and  one  sixth  protein. 

The  actual  averages  of  these  constituents  for  all  the 
foods  here  mentioned  as  well  as  other  foods  of  animal 
origin,  as  officially  published  by  the  U.  S.  Department 
of  Agriculture,  are  given  in  tal3le  1. 

Milk,  Cream  and  Cheese. — While  none  of  the  staple 
meats  contain  any  significant  amount  of  carbohydrate, 
milk  contains  more  of  lactose  than  of  either  protein 
or  fat.  Milk  is  also  much  more  watery  than  even  the 
leanest  meat,  the  latter  having  about  one  fourth  solids 
while  fresh  whole  milk  has  only  about  one  eighth,  and 
fat  free  milk  (the  analogue  of  clear  lean  meat)  is  about 
nine  tenths  water  and  one  tenth  solids. 

Cream  differs  from  milk  simply  in  containing  more 
of  the  fat  globules  with  a  consequent  (relatively  small) 
diminution  of  the  watery  part  (aqueous  phase)  of  the 
milk  in  which  its  carbohydrate  (lactose,  milk  sugar) 
is  dissolved  and  in  which  its  proteins  and  mineral  mat¬ 
ters  are  partly  dissolved  and  partly  held  in  aqueous 
dispersion.  The  fat  globules  constitute  one  part  in 
25  or  30  of  average  whole  milk.  Hence  cream  contain¬ 
ing,  say,  five  or  six  times  as  much  fat  as  milk  does, 
will  still  contain  four  fifths  to  five  sixths  as  much  as 
milk  does  of  all  the  other  milk  constituents.  Enrich¬ 
ment  of  the  dietary  in  these  milk  constituents  is  often 
nutritionally  desirable.  It  is  therefore  important  to 
remember  that,  if  milk  itself  is  not  relished,  cream  may 
be  used  instead.  ^ 

Cheese  is  another  form  of  milk  which  may  be  more 
interesting  to  the  consumer  than  the  milk  itself.  In 
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Table  1. — Proximate  Composition  of  American  Food  Materials — Continued 
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general,  an  ounce  of  cheese  is  equivalent  to  a  pint  of 
milk,  though  of  course  most  of  the  lactose,  certain 
fractions  of  the  protein,  mineral  and  vitamin  values  have 
escaped  in  the  whey.  The  cheese  retains,  however, 
nearly  all  of  the  fat  and  fat  soluble  vitamins  of  the 
milk  and  much  the  greater  part  of  the  protein,  the 
calcium  and  the  riboflavin.  (All  this,  of  course,  refers 
to  real  :heese,  not  cottage  cheese,  which  retains  very 
much  less  of  the  mineral  and  vitamin  values.) 

Shellfish  share  with  milk  the  property  of  containing 
a  significant  percentage  of  carbohydrate  (in  their  case, 
glycogen)  ;  but  otherwise  their  composition  resembles 
that  of  meats,  fish  and  poultry. 

MINERAL  ELEMENTS  AND  THEIR  NUTRI¬ 
TIONAL  AVAILABILITY 

Statements  regarding  the  nutritional  characteristics 
and  nutritive  values  of  meats  are  complicated  (and  may 
become  confused  or  misleading)  by  the  wide  dififerences 
in  fatness  and  resulting  chemical  composition  among 
meats.  This  is  true  not  only  as  between  different  spe¬ 
cies  used  as  human  food  but  also  as  between  different 
individuals  of  the  same  species  (and  even  of  the  same 
sex  and  age)  and  often  as  between  different  cuts  from 
the  same  carcass. 

Considered  aside  from  the  glandular  organs  and  from 
bone,  meats  may  be  regarded  as  essentially  composed 
of  muscle  tissue  and  adipose  tissue,  but  these  in  quite 
variable  proportions  (quantitative  relations). 

Relatively  few  samples  of  meat  have  been  analyzed 
for  individual  mineral  elements.  These  have  been 
chiefly  clear  lean  specimens  because  it  has  been  con¬ 
sidered  and  is  doubtless  true  that  the  mineral  elements, 
like  the  proteins,  belong  essentially  to  the  protoplasmic 
part  of  the  meat.  From  the  same  point  of  view  it  may 
be  expected  that,  as  far  as  the  influence  of  the  varying 
amounts  of  fat  on  the  mineral  values  of  the  meat  are 
concerned,  the  amounts  of  the  mineral  elements  will 
run  essentially  parallel  with  the  amounts  of  protein. 
Hence  in  calculating  the  nutritive  values  of  dietaries  or 
larger  food  supplies  one  may,  after  computing  the  total 
meat  protein  from  such  data  as  those  in  table  1,  then 
estimate  the  mineral  contents  by  relation  to  the  pro¬ 
tein,  using  conventional  average  figures  such  as  those 
given  for  meats  and  fish  separately  in  table  2.  for 
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comparison  table  2=  shows  the  amounts  of  the  chief 
mineral  elements  for  milk  and  for  eggs  as  well  as  foi 
meats  and  for  fish,  each  per  hundred  grams  of  piotein 


in  the  respective  food. 

Especially  in  the  case  of  the  iron  contents  of  meats 
it  was  never  intended  to  imply  that  the  approximate 
average  relationship  indicated  in  table  2  should  hold 
good  for  each  different  organ  and  tissue.  Forbes  and 
Swift  ^  have  published  the  results  of  their  determina¬ 
tions  of  iron  in  18  individual  samples  of  meat  (and  a 
sample  of  blood).  These  results  are  here  reprinted, 

bv  permission,  as  table  3.  ... 

■  When  account  is  taken  of  the  relative  quantities  m 
which  the  different  kinds  of  meat  enter  into  the  Ameri- 


Table  2.— Approximate  Average  Relationships  of  Mineral 
Elements  to  Protein  in  the  Chief  Types  of 
Pood  of  Animal  Origin 


Grams  of  the  Mineral  Element 
per  Hundred  Grams  of  Protein 
, - « - 

Meats  Pish  Eggs  Milk 


Calcium .  0.058  0.109  0.453  3.372 

Magnesium .  0.118  0.133  0.101  0.343 

Potassium .  1.694  1.671  1.078  4.086 

Sodium .  0.421  0.373  1.094  1.457 

Phosphorus .  1.078  1.148  1.750  2.657 

Chlorine .  0.378  0.528  0.938  3.028 

Sulfur .  1.146  1.119  1.639  0.971 

Iron .  0.015  0.0055  0.024  0.0057 


can  food  supply,  the  data  for  iron  in  tables  2  and  3 
are  seen  to  be  quite  consistent. 


Less  consistent  are  the  published  findings  as  to  the 
nutritional  availability  of  the  iron  of  meats.  Even  the 
papers  of  such  eminent  investigators  as  Whipple  and 
Elvehjem  give  such  divergent  impressions  that  it  seems 
still  an  open  question  whether  the  different  methods 
commonly  accepted  as  indicative  of  the  relative  quanti¬ 
tative  utilization  of  food  iron  in  nutrition  should  be 
considered  as  measuring  availability  in  the  same  (or  in 
any  closely  comparable)  sense.  Numerical  expres- 


3.  By  permission  of  the  Macmillan  Company,  publishers  the  data 
here  given  are  m  part  taken  from  pages  563  and  564  of  ’sherman’s 
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sions  of  availability  or  utilization  of  meat  iron  in  nutri¬ 
tion  are  therefore  omitted  here  lest  they  should  confuse 
instead  of  clarifying  the  subject. 

We  know  of  no  reason  for  doubting  the  nutritional 
availability  of  the  other  mineral  elements  of  meats  and 
of  all  the  mineral  elements  of  milk  and  eggs. 

VITAMIN  VALUES 

The  vitamin  A  value  of  a  dietary,  and  of  most  of 
the  individual  foods  of  animal  origin,  is  due  (1)  to 


Table  3. — Composition  of  Meat  Samples  (Forbes  and  Swift) 


Sam¬ 

ple 

No.  Kind  of  Meat 

105  Bacon,  cured . 

107  Ham,  cured . 

114  Pork  shoulder . 

108  Pork  hind  quarter... 

112  Lamb  shoulder . 

113  Lamb  hind  quarter.. 

102  Beef  rib . 

100  Beef  round . 

101  Beef  loin . 

103  Beef  chuck . 

109  Veal  fore  quarter. . . . 
no  Veal  hind  quarter... . 

116  Veal  kidney . 

Ill  Beef  heart . 

117  Beef  brain . 

104  Beef  liver . 

115  Beef  spleen . 

106  Beef  kidney . 

118  Beef  blood . 


Iron, 

Nitro¬ 

gen, 

Protein 
(N  X 
6.25), 

per 

per 

per 

Cent 

Cent 

Cent 

0.0013 

1.67 

10.44 

0.0014 

3.37 

21.06 

0.0015 

2.93 

18.31 

0.0015 

3.14 

19.63 

0.0016 

3.01 

18.81 

0.0016 

3.25 

20.31 

0.0024 

3.24 

20.25 

0.0025 

3.65 

22.19 

0.0025 

3.29 

20.56 

0.0025 

3.17 

19.81 

0.0023 

3.47 

21.69 

0.0027 

3.54 

22.13 

0.0040 

2.61 

16.31 

0.0044 

2.59 

16.19 

0.0053 

1.68 

10.60 

0.0082 

3.30 

20.63 

0.0138 

3.03 

18.94 

0.0188 

2.68 

16.13 

0.0444 

2.87 

17.94 

Ether 

Mg.  Iron 

Ex¬ 

Mois¬ 

per  100 

tract, 

ture, 

Gm.  of 

per 

per 

Pro¬ 

Cent 

Cent 

tein 

64.10 

22.31 

12.5 

13.60 

64.61 

6.6 

14.41 

67.14 

8.2 

10.54 

69.07 

7.6 

6.94 

72.95 

8.5 

5.27 

75.59 

7.9 

6.05 

72.70 

11.9 

3.48 

74.65 

11.3 

6.39 

72.02 

12.2 

7.13 

72.84 

12.6 

1.70 

76.08 

10.6 

1.54 

76.68 

12.2 

4.17 

77.82 

24.6 

4.94 

78.91 

27.2 

7.89 

79.15 

50.5 

4.66 

68.33 

39.7 

1.90 

77.50 

72.9 

1.85 

78.67 

116.6 

•  •  •  • 

80.99 

247.5 

vitamin  A  itself  and  (2)  to  its  precursors,  which  are 
formed  in  plants  and  to  some  extent  are  stored  in  the 
animal  body,  where,  however,  the  greater  part  is 
changed  into  vitamin  A.  Corresponding  with  the 
nutritional  importance  of  vitamin  A  we  find  that  evo¬ 
lution  has  accentuated  the  property  of  transfer  of  this 
vitamin  from  one  generation  to  the  next  through  milk 
and  eggs.  Most  of  the  vitamin  A  which  the  body 
itself  retains  is  held  in  the  liver,  whose  content  of  this 
and  other  vitamins  thus  varies  so  greatly  with  the 
individual  nutritional  background  as  to  make  it  seem 
nearly  meaningless  and  perhaps  misleading  to  attempt 
numerical  averages  in  table  4.  Taking  account  of 
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available  quantities,  milk  (including  cheese  cream^  an 
ice  cream),  butter,  margarines  enriched  with  vitamin  A 
from  fish  liver  oils,  the  fish  oils  themselves  and  eggs 
are  the  chief  sources  of  animal  origin. 

Of  the  B  vitamin  group  our  knovvledge  is  as  yet 
very  uneven.  Approximate  average  thiamine  and  ribo¬ 
flavin  contents  of  typical  foods  of  animal  origin,  based 
on  a  study  of  all  the  data  available  to  June  194/! 
(including  unpublished  findings  consulted  through  the 
courtesy  of  Dr.  C.  N.  Frey,  Dr.  R.  R.  Williams  and 


Table  4. — Approxitnate  Average  Vitamin  Values  of  Some 
Typical  Foods  of  Animal  Origin 


Data  to  May  1942 


vitamin  A  Value, 
International 

Thiamine, 

Riboflavin, 

Units  per 

Micrograms 

Micrograms 

Food 

lOO  Gm. 

per  100  Gm. 

per  100  Gm. 

Pork,  lean . 

900 

240 

Bacon,  medium  fat,  raw — 

100 

100 

Beef,  clear  lean,  raw . 

160 

230 

Lamb,  lean,  raw . 

200 

236 

Chicken,  dark  meat . 

....  Negligible 

200  ? 

260 

Chicken,  light  meat . 

200  ? 

60 

Eggs . 

.  1,600 

160 

350 

Egg  white . 

Traces 

250 

Egg  yolk . 

.  4,000 

400 

550 

Milk . 

.  195 

50 

205 

Cream  (24%  fat) . 

.  1,600 

40 

160 

Ice  cream  (13%  fat) . 

.  800 

50 

200 

Cheese  (32%  fat) . 

.  2,200 

40 

500 

Butter . 

.  4,500 

Negligible 

Negligible 

Oysters . 

.  200 

250 

Undetermined 

Milk,  dried,  skim . 

500 

2,000 

Dr.  V.  H.  Cheldelin,  as  well  as  my  co-workers  at 
Columbia)  are  given  in  table  4.  Lean  meats,  eggs, 
milk,  cheese,  cream  and  ice  cream  are  all  noteworthy 
sources  of  riboflavin  when  taken  in  the  quantities  which 
are  normal  to  typical  American  dietaries.  In  such  diet¬ 
aries,  milk  and  its  products  will  furnish  something  like 
one  half  of  the  total  riboflavin,  and  meat  and  eggs  the 
greater  part  of  the  remainder.  Of  thiamine  the  foods 
of  animal  origin  are  not  such  prominent  contributors, 
a  relatively  larger  share  of  the  responsibility  for  the 
thiamine  intake  resting  on  enriched  and  whole  grain 
breadstuffs  and  cereals.  Lean  pork  is  richer  in  thia¬ 
mine  than  other  common  meats. 
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Niacin  (nicotinic  acid)  is  qualitatively  well  estab¬ 
lished  as  an  antipellagric  factor ;  but  the  estimates  of 
quantities  of  niacin  contained  in  foods  or  concerned 
in  nutrition  are  as  yet  very  tentative  and  uncertain, 
and  it  is  a  mistake  (though  doubtless  one  for  which  we 
scientists  are  ourselves  responsible)  to  suppose  that 
niacin  bears  any  such  clearcut  relation  to  pellagra  as, 
e.  g.,  ascorbic  acid  bears  to  scurvy.  On  paper,  pellagra 
may  have  been  redefined  as  nicotinic  acid  deficiency, 
but  the  typical  pellagrin  actually  needs  so  much  more 
than  this  one  factor  that  his  case  is  probably  not  so 
parallel  with  that  of  the  blacktongue  dog  as  has  often 
been  assumed ;  and  for  the  same  reasons  as  well  as 
because  of  the  uncertainties  of  present  analytic  methods, 
figures  comparing  the  estimated  nicotinic  acid  contents 
of  foods  are  apt  to  give  very  misleading  impressions. 
Therefore  I  do  not  attempt  to  include  them  in  table  4, 
or  the  other  B  vitamins  now  recognized  but  of  which 
our  knowledge  is  as  yet  little  more  than  quali¬ 
tative. 

From  a  combined  study  of  the  earlier  work  of  Osborne 
and  Mendel  and  the  recent  work  of  Elvehjem  and 
his  co-workers  at  Wisconsin,  it  appears  probable  that 
both  milk  and  meat  contain  all  the  B  vitamins  concerned 
in  mammalian  nutrition. 


Ascorbic  acid  has  been  shown  by  Bessey  and  King  ® 
to  occur  normally  in  amounts  demonstrable  by  modern 
methods  in  animal  tissues  generally,  especially  the 
glandular  organs.  Muscle,  however,  contains  very  little, 
and  this  is  further  reduced  by  the  time  the  meat  is 
served  at  table.  For  the  purposes  of  practical  dietetics, 
therefore,  the  vitamin  C  value  of  meats  is  considered 
negligible;  also  that  of  eggs.  Fresh  milk  and  oysters 
furnish  about  2  to  3  mg.  of  this  vitamin  per  hundred 
grams.  The  extent  of  the  loss  in  present  day  pasteuri¬ 
zation  of  milk  has  been  repeatedly  found  to  be  about 
one  fifth.  In  practice  we  look  to  fruits  and  vegetables 
rather  than  to  the  foods  of  animal  origin  for  our 
dietary  vitamin  C. 

Vitamin  D  is  present  in  only  negligible  amounts  in 
meats  generally;  slightly  more  in  liver,  milk  and  butter, 


5.  Bessey,  O.  A.,  and  King,  C. 
Plant  and  Animai  Tissues  and  Its 
687-698  (Dec.)  1933. 


G.:  The  Distribution  of  V'itamin  C  in 
Determination,  J.  Biol.  Cheni.  103: 
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distinctly  more  in  eggs.  The  amounts  contamed  m 
these  foods  have,  however,  been  but  little  studied,  since 
it  has  been  shown  that  the  fish  liver  oils  contain  very 
much  greater  concentrations  and  also  that  milk  can 
readily  be  fortified  to  make  the  now  familiar  vitamin  U 


milk”  of  commerce.  •  r- 

For  the  reasons  just  given,  the  data  on  vitamins  L. 

and  D  naturally  present  in  foods  of  animal  origin  are 
omitted  from  table  4. 


Losses  of  Vitain'ms  in  Cooking. — Losses  in  cooking 
are  usually  larger  for  vitamin  C  than  for  any  of  the 
other  vitamins.  Several  independent  investigations 
have  consistently  shown  the  diminution  of  18  to  20 
per  cent  in  the  vitamin  C  value  of  milk  in  modern 
pasteurization,  and  there  is  no  reason  to  suppose  that 
the  loss  would  be  very  different  in  ordinary  cooking 
operations.  There  has  been  no  occasion  for  the  com¬ 
parison  of  different  foods  of  animal  origin  in  this  respect, 
as  so  few  of  them  have  measurable  vitamin  C  value. 
Cooking  losses  of  thiamine  and  riboflavin  seem  to  be 
higher  for  meat  than  for  milk,  with  eggs  probably 
occupying  an  intermediate  position  but  yielding 
extremely  variable  results  according  to  the  mode  and 
conditions  of  cooking.  The  cooking  losses  of  thiamine 
and  riboflavin  in  meats  have  also  seemed  to  vary  greatly 
in  the  investigations  thus  far  reported,  and  much  addi¬ 
tional  experimental  work  in  this  field  is  now  proposed 
and  in  some  cases  in  progress.  Hence  it  seems  better 
not  to  record  in  numerical  form  any  findings  which 
could  now  be  given,  since  we  may  hope  that  more 
conclusive  data  will  be  available  soon. 


OTHER  DIETARY  CONSIDERATIONS 

There  is  experimental  evidence,  the  fuller  explanation 
of  which  is  still  under  active  research,  that  some  fats 
of  animal  origin  have  special  values  in  nutrition  beyond 
those  due  to  the  hitherto  well  established  factors.  To 
Dr.  Burr  in  Minnesota  and  to  Dr.  Hart  in  Wisconsin, 
who  with  their  respective  co-workers  are  outstandingly 
engaged  in  two  such  lines  of  research,  I  am  indebted 
for  personal  communications  bringing  their  findings 
up  to  May  1942  as  follows :  Dr.  Burr  holds  that,  while 
the  explanation  is  still  a  research  problem,  a  few  fats 
including  lard  are  superior  to  many  other  food  fats 
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as  shown  by  growth  experiments  with  young  rats ;  and 
Dr.  Hart  writes  “Our  work  with  the  21  day  old  rat 
supports  the  conclusion  that  there  are  in  butter  fat 
saturated  fatty  acids  of  high  molecular  weight  which 
accelerate  the  rate  of  growth  as  compared  with  such 
vegetable  oils  as  corn  oil,  cottonseed  oil,  soybean  oil, 
coconut  oil  and  olive  oil.” 

While  meat,  eggs  and  milk  are  much  alike  in  the 
nutritional  efficiency  of  their  proteins,  yet  these  are 
accompanied  by  other  nutrients  which  in  some  respects 
are  quite  different  either  in  kind  or  relative  amount, 
with  the  result  that  meat  and  eggs  do  not  assist  the 
body,  as  does  milk,  in  the  maintenance  of  its  alkali 
reserve  and  of  a  favorable  intestinal  flora,  and  hygiene 
of  the  alimentary  tract.  Also  the  larger  the  proportion 
in  which  milk  is  used  as  source  of  animal  protein,  the 
better  insured  is  the  liberality  of  calcium  intake,  which 
is  now  known  to  be  more  important  at  all  ages  than 
hitherto  understood. 

Limitation  of  space  forbids  discussion  here  of  the 
relative  economy  of  the  different  foods  of  animal  origin 
from  the  point  of  view  of  the  percentage  of  the  food- 
money  which  is  spent  for  each  and  its  percentage 
contribution  to  each  of  the  nutrient  factors  of  the 
dietary;  but  this  is  something  which  physicians  in 
the  future  may  well  carry  in  mind,  now  that  we  know 
how  greatly  health  depends  on  the  wise  investment  of 
the  money  available  for  food. 
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The  successful  prosecution  of  this  war,  as  stressed 
by  Llerbert  Hoover  ^  during  World  War  I,  imposes  a 
responsibility  on  the  food  exporting  countries  of  the 
world;  namely,  that  of  providing  adequate  supplies  of 
food  for  themselves  and  for  their  allies.  There  is  no  prac¬ 
tical  way  to  get  food  to  any  part  of  western  Europe  now 
except  Great  Britain  without  postponing  the  winning 
of  the  war,  but  when  the  war  is  won  the  additional 
gigantic  problem  will  arise  of  finding  food  for  much  of 
Europe  and  for  Asia.  It  is  probable  that  many  hundred 
million  people  will  be  starving  then.  It  is  presumed 
that  half  the  populations  of  the  occupied  countries  and 
Spain  are  starving  now. 

Vice  President  Henry  Wallace  has  estimated  that 
the  wheat  in  storage  in  Canada,  the  United  States, 
Australia  and  Argentina  would  cover  the  import 
requirements  of  Europe  for  nearly  three  years.  The 
amount  of  corn  on  hand  is  presumably  as  great.  How¬ 
ever,  wheat  and  corn  alone  will  not  suffice.  Excellent  as 
they  may  be  as  foods,  the  newer  knowledge  of  nutrition 
teaches  that  several  vitamins  and  some  protein  fractions 
which  wheat  and  corn  alone  cannot  supply  are  needed 
to  provide  for  adequate  nutrition.  It  teaches,  indeed, 
that  providing  ample  calories  in  a  diet  which  is  limited 
in  certain  nutrients  intensifies  the  need  for  missing 
nutrients. 

A  cursory  survey  of  any  bibliography  on  foods  reveals 
that  almost  every  living  thing  has  graced  man’s  bill  of 
fare  at  one  time  or  another.  It  also  is  apparent  that 
primitive  peoples,  as  a  rule,  have  been  fortunate  in 


1.  Hoover,  Herbert: 

Weapon— Food,  National 
la.  Wallace,  H.  A.: 
169:34-41  (Jan.)  1942. 


The  Food  Armies  of  Liberty:  The 

Geographic  Magazine,  September  1917, 
Foundations  of  the  Peace,  Atlantic 
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their  food  selections.*'’  The  diets  of  those  nations  of  the 
world  which  are  most  advanced  in  technological  achieve¬ 
ment  sufifer  by  comparison.  Technology  directed  at  the 
food  supply  has  not  been  wisely  guided,  and  the  result 
is  not  a  happy  one.  The  dramatic  improvement  in  the 
death  rate  throughout  the  so-called  civilized  part  of  the 
world  can  only  partly  be  explained  by  improved  nutri¬ 
tion  in  some  sections  of  these  populations.  It  is  mainly 
due  to  the  application  of  medical  science,  especially  the 
application  of  public  health  and  hygiene.  The  increas¬ 
ing  incidence  of  degenerative  diseases  and  high  inci¬ 
dence  of  decay  of  teeth  suggest  that  average  vigor  in 
the  more  civilized  races  has  declined. 

The  several  hundred  delegates  who  attended  the 
Washington  Nutrition  Conference  in  May  1941 
approved  recommendations  relating  to  requirements 
for  good  nutrition  submitted  by  the  Food  and  Nutri¬ 
tion  Board  of  the  National  Research  Council.  These 
recommendations  were  reached  after  a  careful  review 
of  all  the  evidence  available.  Submitted  as  a  table  of  rec¬ 
ommended  daily  allowances  for  specific  nutrients  (see 
page  335),  they  call  for  protein  of  a  type  found  best  in 
dairy  products  and  in  meat  or  fish,  for  calcium,  for  iron 
and  for  several  vitamins  at  specific  levels  for  varying 
age  and  activity.  While  cereals  occupy  an  important 
place  in  food  economy,  to  meet  these  higher  standards 
of  nutritional  economy  more  liberal  allowances  of  dairy 
products,  meat,  fish,  fruits  and  green  or  yellow  vege¬ 
tables  than  formerly  were  considered  necessary  will 
be  demanded. 

Sir  John  Orr,  scientific  adviser  on  nutrition  to  the 
war  cabinet  in  Britain,  expressed  the  opinion  that 
the  “Washington  nutrition  yardstick,”  as  he  termed  the 
table  of  recommended  daily  allowances  of  specific  nutri¬ 
ents,  should  receive  official  recognition  in  England  and 
serve  there  as  well  as  here  as  a  guide  in  planning  for 
nutrition.  This  table,  which  is  reproduced  on  page  33a 
of  this  book,  probably  will  also  serve— it  ought  to  serve 


tiveness  and  ingenuity.  .  .  •  .  satisfy  all  protective 

usually  succeeded  quite  unconsciously  • ,  •  ' ,  j  drive,  as  are 
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—to  guide  what  plans  are  made  for  feeding  people 
everywhere.  In  that  case  the  demand  for  milk,  meat, 
fruits  and  other  rich  sources  of  the  nutrients  called 
for  by  the  “yardstick”  will  tax  resources  to  the  limit. 
This  raises  questions  whether  foods  now  commonly 
available  are  used  as  economically  as  possible  and 
whether  foods  not  commonly  in  use  but  equally,  or 
even  more,  nutritious  could  serve  as  supplements  to 
common  foods. 

DAIRY  PRODUCTS 


Milk  tops  all  lists  of  foods  of  high  nutritious  qualities, 
but  wasteful  practice  enormously  restricts  its  use  for 
human  food.  Much  milk  is  separated.  The  cream  is 
used  for  making  butter,  and  what  is  left  is  fed  to  animals 
or  discarded.  Until  quite  recently,  only  12  per  cent  of 
the  skim  milk  produced  in  the  United  States  was  used 
for  human  food.  Objection  to  skim  milk  is  mainly  due 
to  prejudice  and  is  based  on  the  erroneous  conception 
that  skimming  removes  the  major  value  of  the  milk.  A 
market  for  dried  skim  milk  is  growing  among  com¬ 
mercial  manufacturers  of  bread  and  several  other 
processed  foods,  but  a  public  demand  for  such  a  prod¬ 
uct  has  not  existed.  In  the  United  States  some  sixty 
billion  pounds  of  skim  milk  is  produced  annually,^  but 
around  fifty  billion  pounds  remains  on  the  farms  and 
is  fed  to  calves,  pigs  and  poultry.  This  will  continue  to 
be  the  situation  until  the  farmer  can  obtain  sufficient 
returns  for  skim  milk  to  induce  him  to  deliver  the 
whole  milk  to  the  creamery  or  to  substitute  other 
protein  feeds  for  skim  milk  in  his  feeding  operations. 
Skim  milk  fed  to  farm  livestock  and  poultry  eventually 
reaches  the  human  stomach  in  the  form  of  meat  and 
eggs,  but  it  would  make  a  greater  contribution  to  the 
nutrition  of  our  people  if  it  were  consumed  as  skim 
milk.  The  nutrients  in  skim  milk,  pound  for  pound, 
equal  those  of  muscle  meat,  and  it  appears  that  10 
pounds  (4.5  Kg.)  of  the  nutrients  of  skim  milk  is 
required  to  produce  1  pound  (0.5  Kg.)  of  food  nutrients 
in  the  form  of  pork.® 

The  quart  of  liquid  milk  a  day  for  children  and  the 
pint  for  adults,  as  recommended  in  much  nutrition 
teaching,  is  more  than  many  family  budgets  will  allow ; 
but  why  insist  on  liquid  milk  ?  Milk  can  be  distributed 


2.  Consumer’s  Guide,  U.  S.  Department  of  Agriculture,  July  1939 

T  D  Value  and  Economics  of  Skim  Milk  Am 

J.  Pub.  Health  30:  237-239  (March)  1940. 
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for  much  less  cost  as  dried  whole  milk,  and  dried  skim 
milk,  which  is  relatively  little  perishable,  can  be  sold 
for  much  less  than  the  cost  of  liquid  whole  milk.  The 
fats  of  milk,  except  for  a  content  of  vitamin  A,  are 
not  superior  to  other  less  expensive  fats,  and  vitamin  A 
can  be  found  in  much  less  costly  foods  than  milk. 

Most  diets  not  providing  milk  afford  less  calcium 
and  less  riboflavin  than  are  called  for  by  the  recom¬ 
mendations  of  the  Food  and  Nutrition  Board,  yet  many 
persons  dislike  milk  and  never  drink  it.  A  great  advan¬ 
tage  of  dry  skim  milk  is  that  it  can  be  mixed  with 
other  foods  in  cooking,  so  that  the  consumer  gets  it 
painlessly.  Indeed,  much  more  milk  solids  can  be  put 
in  bread,  cakes  and  puddings  by  using  dry  milk  powder 
than  when  liquid  milk  is  used.  The  water  in  liquid 
milk  limits  the  amount  that  can  be  added.  The  taste 
of  reconstituted  dry  milk  is  less  attractive  than  that  of 
liquid  milk,  but  the  taste  of  custards  and  other  cooked 
foods  made  with  dry  milk  differs  not  at  all  from,  or  is 
superior  to,  the  taste  of  similar  products  -made  with 
liquid  milk.  Buttermilk  is  also  highly  nutritious,  match¬ 
ing  skim  milk  in  its  content  of  vitamins  and  minerals.^ 
It  also  can  be  dried  and  thus  distributed  more  eco¬ 
nomically. 

The  delicious  taste  of  butter  assures  its  marketing. 
However,  to  produce  milk,  as  has  been  the  custom, 
only  for  its  butterfat  has  no  advantage  from  the  stand- 
po’mt  of  nutrition  and  is  grossly  unsound  economically, 
even  for  the  producer. 

Cheese  mostly  represents  the  casein  in  milk.®  Superb 
as  a  food  because  of  the  high  biologic  value  of  its  pro¬ 
tein  and  because  of  its  content  of  calcium,  cheese  could 
be  more  largely  used  with  great  advant^e.  Most  per¬ 
sons  like  it,  but  city  dwellers  take  too  little  of  it.  The 
European  p>easant  makes  much  more  of  cheese.  It 
represents  a  substantial  portion  of  his  diet,  and  large 
consumption  of  cheese  undoubtedly  contributes  to  the 
proverbial  vigor  of  the  pastoral  peoples  of  Asia  and  the 
Balkans. 

Left  over  from  the  milk  when  cheese  is  made  is  whey. 
The  water  of  the  milk  is  in  the  whey,  but  with  it  part 


4.  Hutchison,  Robert:  Hutchisons  Fwd  and 
Dietetics  (Revised  by  V.  H.  Mottram  and  George  Graham),  ed.  9,  13alti 
more,  Williams  &  Wilkins  Company,  1940.  ■  ,,  ,  , 

S  McCamnion.  R.  B.,  and  Kramer,  ^um^  Va^^ 

Various  Types  of  Cheese.  J.  Am.  Dietet.  A.  9:,  292-294  (Nov.)  1933., 
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of  the  protein— the  lactalbumin— some  of  the  mineral 
matter  and  most  of  the  vitamins,  yet  whey  mostly 
thrown  away  by  manufacturers  of  cheese.  In  ate  years 
dried  powdered  whey  has  found  a  place  in  poultry  feeds 
and  in  candy  manufacture.  Much  more  dried  whey 
could  be  used  for  human  food,  and  none  should  be  dis¬ 
carded.  It  is  reported  that  in  Germany  no  milk  prod¬ 
ucts  may  be  thrown  away  and  none  may  be  used  foi 
feed  without  a  special  license. 

Sugar  is  not  among  the  recommended  foods.  Its 
recent  rationing  will  not  provoke  a  hardship,  for  sugar 
supplies  nothing  in  nutrition  but  calories,  and  the  vita¬ 
mins  provided  by  other  foods  are  sapped  by  sugai  to 
liberate  these  calories.  One  of  the  worst  of  the  ruany 
bad  food  habits  that  Americans  have  acquired  is  their 
use  of  sweetened  carbonated  beverages.  Many  persons 
take  such  beverages  by  the  half  pint  many  times  a  day, 
with  a  resulting  excessive  consumption  of  sugar.  The 
suggestion  has  been  made  ®  that  whey  after  removing  its 
protein  be  incorporated  in  these  beverages.  By  such 
means  the  minerals  and  vitamins  of  whey  could  make 
these  drinks  nutritious. 


MEATS  AND  FISH 

Next  to  the  dairy  products  on  the  list  of  better  foods 
come  meat  and  fish,  but  in  their  use  economy  has  been 
neglected.  There  is  no  evidence  that  the  nutritive  value 
of  muscle  meat  differs  significantly  from  one  part  of  the 
animal  to  the  other,  yet  small  food  budgets  are  regu¬ 
larly  taxed  by  purchases  of  expensive  cuts  when  thrifty 
cuts  would  do  as  well.'^  Furthermore,  the  most  nutri¬ 
tious  parts  of  every  carcass  are  seldom  chosen  by  the 
customer  and  go  to  making  fertilizer  or  feed.  The 
blood,  lungs,  stomach,  liver,  pancreas,  kidney,  brain  and 
heart  are  spurned  by  many  persons.  In  southern  China 
a  suitable  gift  for  a  prospective  mother  is  a  pair  of 
pig’s  feet.  She  will  hope  by  the  time  the  baby  is  born 
to  have  accumulated  perhaps  two  dozen  pairs  to  help 
support  her  demand  for  calcium  during  lactation.® 


6.  Wilder,  R.  M.:  Nutrition  in  the  United  States:  A  Program  for 
the  Present  Emergency  and  the  Future,  Ann.  Int.  Med.  14:2189-2198 
(June)  1941. 

7.  A  useful  pamphlet  is  that  issued  by  the  American  Meat  Institute, 
Chicago,  entitled  “Buying  Guide  for  the  Thriftier  Cuts  of  Meat  ”  The 
statements  in  the  pamphlet  were  approved  by  the  Council  on  Foods  and 
Nutrition  of  the  American  Medical  Association. 

At  8.  Rose,  Mary  S.:  Racial  Food  Habits  in  Relation  to  Health  Sriem 
.Monthly  44:  257-267  (March)  1937.  Health,  bcieiit. 
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Ill  the  first  world  war  the  complaint  was  made  by 
Reese  ®  that  Americans  had  acquired  ‘‘a  lot  of  silly 
ideas”  about  what  is  fit  for  food  and  what  is  not.  There¬ 
upon  Reese  advocated  the  use  of  certain  reptiles,  such 
as  turtles,  lizards,  snakes  and  even  alligators.  A  happy 
habit  of  more  primitive  man  was  to  devour  whatever 
could  be  eaten  in  the  carcass  of  his  kill.  He  thus 
obtained  the  organ  meats  as  well  as  muscle.  The 
Navajo,  for  example,  who  in  contrast  to  many  other 
Indian  groups  has  retained  his  vigor  despite  proximity 
to  the  white  man’s  civilization,  consumes  all  vestige  of 
the  sheep  or  goat  he  kills  and  exhibits  a  decided  prefer¬ 
ence  for  the  contents  of  the  abdomen.’"  He  eats  the 
organs  first.  The  modern  American  credits  the  ancient 
( Ireeks  with  a  high  state  of  culture,  yet  Cornwall  ” 
found  references  in  the  Odyssey  to  many  foods  men 
spurn  today — foods  such  as  roasted  entrails  and  goat’s 
stomach  filled  with  blood.  There  is  current  discussion 
of  deficiency  of  certain  lipoids  in  the  diet  of  more 
civilized  races.  A  return  to  these  food  habits  of  the 
ancient  Greek  and  modern  Navajo  would  at  once  correct 
such  dietetic  error,  for  the  liix)id  content  of  organ  meats 
such  as  liver  is  high.  Much  could  be  done  to  improve 
the  nutritive  quality  of  processed  meats  by  including  in 
them  organ  meat  and  blood.  Blood  sausage  (blutwurst ) 
is  popular  in  Germany'.  The  dog  food  manufactured 
by  American  packers,  containing  much  of  what  they 
designate  as  offals,  is  demonstrably  superior  in  nutritive 
value  to  most  of  the  meat  they  can  for  human  food. 

The  nutritive  values  of  fish  are  as  high  as  those  of 
meat,  except  perhaps  for  iron.’-  The  livers  of  many 
fish  besides  the  cod  are  rich  in  vitamins  A  and  D ;  also 
the  body  oils  of  fish  contain  these  vitamins.  The  flesh 
of  fish  is  also  rich  in  vitamins  of  the  B  groups  to 
such  an  extent  that  Goldberger  and  Wheeler found 
salmon  to  be  eflfective  for  preventing  pellagra.  How¬ 
ever,  many  fish  equal  in  nutritive  value  to  fish  that  are 


9.  Reese,  A.  M.:  Reptiles  as  Food,  Scient.  Monthly  5  :  545-550  (Dec.) 

'^10  Carpenter,  T.  M.,  and  Steggerda,  Morris;  The  of 

Day'Nava%  Indians  of  New  Mexico  and  Arizona,  J.  Nutrition  18. 

^°il.^Co‘’rVwa\rk  E.:  What  the  Ancient  Greeks  Ate,  Ann.  M.  Hist.  9: 

107 :  383-394  (Nov.)  1934.  r  \  ■  \  Studv  of  the  Pellagra 

13.  Goldberger,  Joseph,  and  Wheeler,  ^  ii-  2769-2771 

Preventive  Action  of  Canned  .Salmon,  Pul).  He.alth  Rep.  1  1.276^2//' 
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Dopular  in  American  markets  are  neglected,  notably  the 
carp  Smoked  carp  is  a  delicacy  m  Europe,  and  carp 
culture  in  Germany  is  an  industry  of  importance. 
Raising  carp  is  said  to  be  as  profitable  as  i  aismg 
American  streams  and  fresh  water  lakes  aie  full  o 
ugh  fish  which  could  be  utilized  for  human  food. 

The  huge  oyster  shell  mounds  of  the  Atlantic  coast 
n  to  testify  that  the  aboriginal  American  made  more 
use  of  oysters  than  hapi>ens  now.  A  nutritional  advan¬ 
tage  in  the  oyster,  which  applies  also  to  the  clam,  the 
lobster,  the  crab  and  the  shrimp,  is  that  it  is  eaten 
whole,  so  that  the  valuable  nutrients  of  the  internal 
organs  are  obtained.  Pease  maintained  that  the 
nutritive  value  of  oyster  meats  is  a  little  higher  than 
that  of  cow’s  milk,  owing  to  a  high  content  of  calcium, 
iron  and  other  minerals  and  all  the  vitaiiiins. 

Fairchild,^®  on  a  tour  of  the  world,  found  giant  snails 
as  large  as  a  man’s  fist  offered  for  sale  in  Ceylon  and 
Africa.  They  were  considered  a  delicacy.  He  thought 
they  might  be  raised  in  the  Everglades  of  Florida  for 
consumption  in  America. 

For  mention  also  without  prejudice  is  the  possibility 
of  finding  protein  foods  among  the  insects.  Wakefield 
and  Dellinger,^®  in  the  feces  of  pre-Columbian  bluff' 
dwellers  of  the  Ozarks,  found  residues  of  insects.  A 
modern  primitive,  the  Bushman,  considers  appetizing 
the  eggs  of  termites.^"  Verrill  has  written  that  the 
grasshopi>er  and  the  cricket  were  periodically  important 
as  foods  for  the  Indians  of  the  western  plains,  and 
in  the  West  Indies  a  large  white  grub  found  in  the 
pith  of  palm  trees  serves  as  food.  These  grubs  when 
toasted  are  said  to  taste  like  roasted  chestnuts.  Even 
the  ancient  Hebrews,  strict  as  they  were  in  their  choice 
of  foods,  looked  with  favor  in  times  of  famine  on  the 
locust.^®  The  nutritive  value  of  insects  must  be  high. 

14.  Pease,  H.  D.:  The  Oyster — Modern  Science  Comes  to  the  Support 
of  an  Ancient  Food,  J.  Chem.  Educ.  9:  1675-1712  (Oct.)  1932. 

15.  FaircMld,  David:  E.xploring  for  Plants,  New  York,  Macmillan 
Company,  1930. 

16.  Wakefield,  E.  G.,  and  Dellinger,  S.  C.:  Diet  of  the  Bluff  Dwellers 

?Co  Mountains  and  Its  Skeletal  Effects,  Ann.  Int.  Med  9'  14P. 

1418  (April)  1936.  ' 

17.  Aimiuler,  S.  S.:  The  Historical  and  Biological  Evolution  of 
Human  Diet,  Am.  J.  Digest.  Dis.  1:215-218  (May)  1934 

F’age  &To.I’i937."‘'  America  Gave  the  World.  Boston.  L.  C. 
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8^63.70.^193”.'’*  """  ’  ^’='"‘hrop.  de  Paris.  seriL  8. 


286 


WILDER  AND  KEYS 


1  he  taste  may  not  be  bad.  Insect  culture  might  some 
(lay  become  a  part  of  food  economy. 

Should  the  time  ever  come  when  the  land  fails  to  pro¬ 
vide  enough  good  protein  to  meet  all  human  needs,  an 
unlimited  supply  can  be  found  in  the  sea.  The  catch  of 
fish  has  limitations,  but  ubiquitous  in  the  oceans  is  the 
zooplankton,  which  could  be  harvested  and  would  pro¬ 
vide  a  first  class  human  food.  However,  the  technical 
difficulties  involved  are  rather  overwhelming.  The  esti¬ 
mate  has  been  made  by  Clarke  that  the  human  require¬ 
ment  for  calories  for  one  individual  could  be  met  only 
by  all  the  plankton  in  a  volume  of  water  “equal  to 
a  football  field  filled  to  a  depth  of  a  meter  and  a  half.” 

More  practical  than  plankton  as  a  source  of  proteins 
is  the  micro-organism  yeast.  A  by-product  now  and 
mostly  thrown  away  by  brewers,  yeast  could  be  grown 
in  limitless  amounts.  Dried  yeast  is  largely  protein, 
40  to  55  per  cent.  Most  of  the  nitrogen  free  remainder 
is  material  consisting  of  a  mannose  polysaccharide.  The 
amount  of  fat  is  small,  from  1  to  3.5  per  cent,  but  this 
is  rich  in  steroids.  The  content  of  vitamins  of  the 
B  complex  is  very  high ;  some  vitamin  A  is  present  and 
much  ergosterol,  which  by  ultraviolet  irradiation  could 
be  changed  to  vitamin  D.  This  is  important  because 
almost  no  foods  other  than  fish  liver  oils  provide  signifi¬ 
cant  amounts  of  vitamin  D.  Among  the  amino  acids 
found  in  the  proteins  of  yeast  are  alanine,  valine, 
phenylalanine,  glutamic  acid,  aminoacetic  acid,  leucine, 
oxyproline,  aspartic  acid,  cystine,  methionine,  tyrosine, 
proline  and  tryptophan.  The  percentage  of  these  ranges 
from  10  down  to  0.5  in  the  order  given.  The  diamino 
acids  present  include  lysine  10  per  cent,  arginine  5  p>ei 
cent  and  histidine  5  per  cent.-^ 

Some  brewers’  yeast  is  on  the  market  now,  sold 
mainly  as  a  source  of  vitamins.  The  armed  forces  are 
receiving  yeast  in  peanut  butter  as  an  optional  spread 
for  bread.  The  yeast  taste  is  disguised  by  that  of  the 
peanut.  Analysis  of  samples  of  such  yeasted  peanut 
butter  (20  per  cent)  indicates  a  composition  of  approxi¬ 
mately  32  per  cent  protein.  The  samples  contain  per 
gram  around  30  micrograms  of  thiamine,  16  micro- 

20.  Clarke,  G.  L.:  Plankton  as  a  Food  Source  for  Man.  Science  89: 

602-603  (June  30)  1939.  .  .  ,i 

21.  Anheuser-Buscli,  Inc.:  Personal  communication  to  tlie  authors. 
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trains  of  riboflavine  and  250  micrograms  of  nicotinic 
acid.  Thus  an  ounce  (30  Gm.)  of  such  peanut  butter 
should  provide  about  10  Gm.  of  valuable  protein,  about 
half  the  recommended  daily  allowances  of  thiamine  and 
nicotinic  acid  and  a  fifth  of  the  recommended  daily 
allowances  of  riboflavin.-^ 

Two  products,  mixtures  of  vegetables  and  brewers’ 
yeast,  are  listed  in  Accepted  Foods.--  Bakers’  yeast 
also  has  virtue  as  a  food  for  persons  who  can  eat  it 
without  abdominal  distress.  It  is  much  less  rich  in 
thiamine  than  brewers’  yeast;  also  some  question 
remains  as  to  the  utilization  by  man  of  the  vitamin  B 
complex  in  fresh  yeast.^^"  A  high  thiamine  bakers’ 
yea.st  has  recently  been  made  available  to  fortify  the 
dough  of  enriched  bread. 

The  bitter  taste  of  yeast  and  some  aftertaste  pre¬ 
sent  complications  to  the  use  of  yeast  as  food,  but  these 
objectionable  qualities  can  be  overcome.  Some  special 
yeasts  have  very  little  bitterness,  and  autolyzing  yeast 
provides  a  product  with  a  taste  like  meat.  The  possi¬ 
bilities  of  yeast  as  human  food  deserves  more  techno¬ 
logical  attention.  Two  major  defects  in  many  modern 
diets  are  relatively  small  provision  of  certain  vitamins 
of  the  B  complex  and  insufficiency  of  biologically 
superior  protein.  Both  deficiencies  could  be  limited  by 
using  yeast  as  food. 

FRUITS 


Another  basic  nutrient  deficient  in  many  diets  is 
ascorbic  acid,  vitamin  C.  The  trouble  mainly  comes 
from  lack  of  fruit  in  diets,  especially  lack  of  citrus 
fruits.  The  tomato  is  good  as  a  source  of  ascorbic 
acid,  but  many  fruits  such  as  apples  and  pears,  most  of 
the  vegetables,  milk  and  meat  are  far  from  rich  as 
sources  of  this  vitamin.  However,  citrus  fruits  and 
tomatoes,  while  grown  abundantly  in  certain  sections, 
are  bulky,  perishable  commodities  and  hence  expensive 
to  distribute.  Ascorbic  acid  can  be  made  synthetically 
at  relatively  small  expense,  and  it  may  prove  to  be 
desirable  to  add  the  synthetic  vitamin  to  jellies,  jams 


Medical  Association  Council  on  Foods:  Accepted  Foods 
Uoi  ^9^9  Significance,  Chicago,  American  Medical  Associa- 
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and  other  fruit  preserves  in  such  amounts  as  to  bring 
the  final  content  of  ascorbic  acid  to  that  of  ripe  tomatoes. 

Among  less  common  foods  which  are  rich  in  ascorbic 
acid  is  the  black  currant.  Two  ounces  of  black  cur¬ 
rants,  cooked,  according  to  Olliver,-®  will  meet  an 
individual’s  vitamin  C  requirements.  The  reference 
probably  applies  to  minimal  requirements.  Consumed 
raw,  watercress  and  straw'berries  are  good  sources  of 
ascorbic  acid,  providing  approximately  60  mg.  per  hun¬ 
dred  grams.  The  edible  hips  of  the  wild  rose  are 
becoming  famous  for  their  content  of  this  vitamin.-^ 
Thone  has  suggested  that  the  hip  could  be  increased 
in  size  and  develo^^ed  commercially.  \^errill,^®  whose 
thesis  is  that  North  Americans  should  use  more  foods 
from  South  America,  mentioned  some  of  the  unusual 
tropical  fruits  now  on  sale  at  a  few  exclusive  markets 
in  this  country.  They  include  the  mamey,  sapodilla, 
silkana,  ceriman,  papaya,  anona,  soursop,  star  apple 
and  guava.  Papaya  has  recently  been  suggested  as 
a  substitute  for  orange  in  Hawaii,  as  well  as  home 
made  guava  juice.'®*^  Guava  has  an  especially  high 
content  of  ascorbic  acid.  Goldberg  and  Levy  found 
300  to  400  mg.  in  each  hundred  grams  of  the  fresh 
fruit,  and  on  drying  the  guava  fruit  they  obtained  a 
powder  of  pleasant  aromatic  odor  and  practically  no 
taste,  with  the  rather  phenomenal  quantity  of  2,500  to 
3,000  mg.  of  ascorbic  acid  for  each  hundred  grams.  A 
monograph  on  the  guava  is  now  in  preparation  b\ 
Webber  of  the  California  Agriculture  Experiment 
Station.®^ 

VEGETABLES 


An  imiX)rtant  reason  for  the  great  amount  of  empha¬ 
sis  that  nutritionists  have  placed  on  green  and  yellow 
vegetables  is  the  content  of  beta-carotene  in  spinach, 
carrots,  beet  greens  and  other  colored  plants  and  roots. 
There  is  widespread  misconception  to  the  effect  that 
chlorophyll  has  a  place  in  animal  nutrition.  There  is 


23  Olliver,  Mamie:  Antiscorbutic  Values  of  Fruits  and  Vegetables, 
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no  evidence  to  support  such  a  view.-'”  Carotene  alone 
and  not  the  chlorophyll  of  plants  is  converted  in  the 
animal  organism  to  vitamin  A.  Few  foods  provide 
vitamin  A  ready  made.  Butter  and  fish  livei  oils  aie 
about  the  only  ^  sources.  Butter  may  be  excellent  as 
a  source  or  only  fair,  depending  on  the  feed  supplied  the 
cow.  Assays  run  from  less  than  2,000  to  more  than 
40,000  international  -units  to  the  j)Ound.  1  he  daily 
allowance  of  vitamin  A  for  an  adult  man,  as  recom¬ 
mended  by  the  Food  and  Nutrition  Board  of  the 
National  Research  Council,  is  5,000  units,  and  one 
of  the  greatest  services  the  dairy  industry  could  per¬ 
form  would  he  to  standardize  the  vitamin  A  content  of 
butter  at  some  high  level. 

Interference  with  the  fisheries  of  the  world  by  the 
war  has  again  directed  attention  to  sources  of  carotene. 
Plant  oils  contain  no  preformed  vitamin  A  and  but 
little  carotene.-"'’  Flowever,  the  jiulp  of  certain  yellow 
vegetables  is  very  rich  in  carotene.  An  estimate  by 
Barnett  suggests  that  10,000  acres  jilanted  in  carrots 
would  yield  20  trillion  units  annually  of  vitamin  A. 
'I'his  would  amount  of  4  billion  daily  human  recpiire- 
ments,  or  enough  to  last  a  population  of  100  million 
persons  forty  days.  Another  good  source  of  carotene 
is  the  sweet  potato,  a  prolific  grower. 

Many  vegetables  little  known  in  North  America 
deserve  attention  by  the  food  economist.  Some  could 
he  developed  with  advantage.  The  taro,  for  example, 
has  a  subterranean  stem  resembling  the  jjotato.  The 
yield  per  acre  is  two  to  four  times  that  of  the  potato 
and,  measured  in  calories,  may  he  ten  times  that  of 
rice.-^  Taro  is  a  common  food  in  mid-Pacific  islands, 
m  parts  of  southei  n  Asia  and  m  South  America 
\  arieties  known  as  da.sheens  have  been  cultivated  coin- 
mercially  in  parts  of  the  United  States."®  Taro  in 
Hawaii  is  mostly  eaten  as  a  paste  called  poi.  Fer- 
inented  poi  keejis  well  without  refrigeration.  Another 


27a.  Kohler,  G.  0.;  Elvehjem,  C.  A.,  and  Hart,  E.  H. :  The  Relation 
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vegetable  of  the  tropics  said  to  be  high  in  nutrients  is 
the  breadfruit. ■“  Others  are  yautias  or  taniers,  which 
serve  importantly  as  food  for  the  natives  of  the  West 
Indies,  and  yiica,  the  edible  root  of  the  cassava  plant,  the 
source  of  tapioca.  Widely  used  for  food  today  in  South 
America,  as  mentioned  by  Verrill,^®  and  cultivated  by 
the  Incas  of  Peru  before  the  white  man  came,  are  the 
canna,  the  leren,  the  arikuna,  the  papa  lisa,  the  oca  and 
the  anacha,  as  well  as  the  better  known  peanut,  the 
potato  and  tbe  sweet  potato. 

Use  of  grass  for  human  food  again  has  come  up  for 
consideration  since  the  present  war  began.  Nebuchad¬ 
nezzar  was  compelled  to  "eat  grass  as  oxen"  to  atone 
for  many  sins.  However,  the  benefit  he  derived,  if 
any,  was  largely  spiritual.  The  value  of  a  food,  as 
emphasized  by  Graham  Lusk  before  World  War  I, 
deix^nds  mainly  on  the  ratio  of  nutritive  to  non-nutritive 
components.  Due  consideration  must  be  paid  to  a  few 
special  requirements,  such  as  that  for  vitamin  C.  The 
citrus  fruits  and  tomatoes,  for  example,  although  bulky, 
are  of  great  importance  in  nutrition  because  of  their 
content  of  ascorbic  acid.  Lusk  once  missed  this  point, 
as  he  later  acknowledged.''^  He  called  tomatoes  colored 
water,  but  by  and  large  his  early  emphasis  was  right. 
The  more  nutritious  foods  are  those  with  nutritive  com- 
|X)nents  high  and  non-nutritive  components  namely, 
water  and  indigestible  cellulose — low.  Among  die 
vegetables  the  tubers  like  ixitatoes  and  the  legumes  like 
peas  and  beans  jxissess  more  of  this  quality  than  do 
the  leaves  of  plants  or  grasses. 

In  times  of  famine,  however,  people  will  resort  to 
whatever  they  can  find  to  eat.  In  Russia,  for  example, 
in  the  last  war  not  only  grass  but  also  the  leaves  and 
the  bark  of  trees  were  eaten.  In  Germany  and  Russia 
enormous  amounts  of  watery  root  vegetables,  such  as 
turnips,  were  consumed.  In  a  population  leaning  too 
heavily  on  such  foods,  war  edema  is  likely  to  develop. 
The  type  of  protein  obtained  is  ix)or  and  excessive 
water  is  ingested.  Also  the  bnlk  of  watery  foods  wincli 
needs  to  be  ingested  to  contribute  significantly  to  caloiir 


31  Vaughan,  VV.  T.:  An  Introduction  to  Tropical  Foods,  J.  Am. 
'  m'Fil’laal  Basis  of  Nu.ri.i.n,  N™  Mavsn. 
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requirements  places  an  intolerable  strain  on  the  human 
intestine.  The  coarseness  and  amount  of  fiber  some 
such  foods  contain  may  even  interfere  with  absorption 
of  what  nutrients  are  present.  The  Germans  as  well 
as  the  Russians  in  the  last  war  attempted  to  eke  out 
dwindling  supplies  of  flour  by  adding  to  this  flour  bran 
and  chafif  and  even  straw.  By  doing  so  they  made  bad 
matters  worse.  Nutrients  diluted  with  large  amounts 
of  indigestible  material  are  lost ;  they  cannot  be  absorbed 
efifectively. 

Thus  grass  serves  poorly  as  a  human  food.  Even 
tender,  leafy  vegetables,  valuable  as  a  source  of  min¬ 
erals  and  carotene,  would  not  alone  provide  for  human 
nourishment.  Their  protein  would  be  inadequate  and 
their  water  content  excessive.  However,  all  the  leafy 
vegetables  have  a  place  as  supplements  to  other  foods, 
and  tender  young  grass  when  dehydrated  is  excellent 
as  a  vehicle  for  several  vitamins  and  salts.  Such  a 
product  has  been  accepted  by  the  Council.®^ 


THE  CEREAL  GRAINS  AND  THE  LEGUMES 

Relative  ease  and  low  cost  of  production  and  high 
content  of  energy  yielding  nutrients  explain  why  cereal 
grains,  rice  and  also  corn  have  long  contributed  impor¬ 
tantly  to  the  diets  of  people  whose  civilizations  have 
been  based  on  agriculture.  Wheat  has  been  developed 
more  than  other  grains.  In  England  a  hundred  years 
ago  wheat  alone  contributed  nearly  half  of  all  the 
calories  of  the  diet.  Its  consumption  has  been  halved, 
and  yet  today  it  provides  more  calories  for  the  English 
speaking  world  than  any  other  food. 

Oat  consumption  could  be  encouraged  with  consider¬ 
able  advantage.  Oats  can  grow  much  farther  north  than 
wheat,  and  oats  provide  a  somewhat  more  nutritious 
human  food.  The  content  of  thiamine  is  higher  and  the 
protein  is  biologically  superior.  This  explains  the 
value  of  oats  as  feed  for  stock.  Samuel  Johnson  s 
fustic  commentary  in  his  Dictionary  that  “oats  in 
England  is  generally  given  to  horses  and  in  Scotland 
supports  the  people”  illustrates  how  prejudice  works 
hardships  m  nutrition.  In  England,  then  as  now,  just 
as  in  America,  men  were  more  concerned  about  o-ood 
nutrition  for  their  livestock  than  for  themselves  '"The 
answer  said  to  have  been  given  to  Samuel  Johnson  was 
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“and  where  will  you  see  such  horses  and  such  men.” 
The  Scots  became  a  hardy  race  on  oats.  So  did  the 
early  Norse.  Oatmeal  is  often  mentioned  in  the 
Sagas.®® 

Rye  and  barley  are  less  popular  than  wheat  in 
England  and  America.  They  are  much  more  used  in 
Europe.  Rye  is  not  superior  to  wheat  in  nutritive 
qualities,  and  rye  flour,  like  white  wheat  flour,  is  gen¬ 
erally  overmilled.  Also  what  there  is  of  rye  in  most 
so-called  rye  bread  is  usually  diluted  with  white  wheat 
flour. 

Decortication  of  the  grains  by  modern  milling  meth¬ 
ods  has  been  unfortunate  from  the  standpoint  of  nutri¬ 
tion.  The  stone  mills  of  the  past  left  in  the  flour  a 
large  proportion  of  its  vitamins.  The  flour  was  coarse 
and  not  very  white,  but  in  content  of  thiamine  and 
nicotinic  acid  it  far  surpassed  the  finer  flour  of  the 
roller  mills.  The  latter  came  into  general  use  some 
seventy  years  ago.  The  adequacy  in  certain  vitamins, 
notably  thiamine,  of  the  diet  of  the  populations  of 
England  and  America — the  adequacy  especially  of  the 
diet  of  that  part  of  the  population  of  tliese  countries 
which  because  of  smaller  purchasing  power  consumes 
much  bread — was  largely  affected  in  consequence  of 
technology  applied  to  milling  grains  without  the  benefit 
of  direction  by  a  science  of  nutrition.  There  was  no 
such  science  when  these  modern  milling  methods  started. 


The  effect  of  roller  milling  on  the  thiamine  content 
q£  American  diets  has  not  been  estimated.  Presumably, 
however,  it  was  much  the  same  as  that  in  England. 
Drummond’s  calculation  of  the  nutrients  contained  m 
diets  past  and  present  is  shown  in  accompanying  table. 
The  comparison  reveals  that  the  diet  of  the  middle  class 
Englishman  in  recent  years,  while  supplymg  more 
vitamin  A  and  more  ascorbic  acid,  contains  little  more 
than  a  third  as  much  thiamine  as  did  the  diets  of  the  past. 
In  other  respects  the  differences  are  less  significant,  ihe 
greater  use  of  green  vegetaliles  and  fruits  in  recent  times 
accounts  for  the  increased  supply  of  the  vitamins  A 
and  C.  The  substitution,  about  1870,  of  roller  rnilled 
white  flour  for  the  coarser  flour  of  the  past  and  the 
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increased  use  of  sugar  explain  the  smaller  allowances 
of  thiamine  in  the  modern  diet.  The  milling  industry 
of  the  United  States  is  thoroughly  aware  at  last  of  the 
importance  of  retaining  in  flour  more  of  the  thiamine 
and  nicotinic  acid  of  wheat.  This  ultimately  will  he 
accomplished  without  loss  of  other  qualities  which  peo¬ 
ple  have  come  to  like  and  to  demand  in  flour.  Until 
it  is  accomplished,  which  may  take  many  years  and 
involve  perhaps  a  revolution  in  the  milling  industry, 
restorative  additions  of  thiamine  and  nicotinic  acid  to 


Analysis  of  English  Diets  for  Adult  Men 


Calo¬ 

ries 

Pro¬ 

tein, 

Gm. 

Cal¬ 

cium, 

Gm. 

Vitamin 
A,  Inter- 
Iron,  national 
Mg.  Units 

As¬ 

corbic 

Acid, 

Mg. 

Thia¬ 

mine, 

Mg. 

Middle  class  diet  today.. 

3,310 

110 

0.6 

12.3 

5,170 

70 

1.2 

Poverty  diet  today . 

3,000 

78 

0.3 

8.4 

520 

15 

0.66* 

Middle  (artisan)  class 
diet,  1826 . 

2,130 

125 

0.2 

45 

1,220 

0 

1.77 

Navy  ration,  1811 . 

2,750 

110 

0.7 

18 

2,600 

0 

3.15 

St.  Bartholomew’s  Hos¬ 
pital,  1686 . 

2,(i00 

80 

1.9 

12 

5,100 

10 

1.89 

Meat  eating  classes,  fif¬ 
teenth  century . 

3,050 

250 

1.3 

50 

7,000 

? 

3.30 

Peasant  diet,  fifteenth 
century . 

3,300 

140 

1.2 

21 

1,700 

10-20 

4.20 

Recommended  by  Food 
and  Nutrition  Board  t 

3,000 

70 

0.8 

12 

5,000 

75 

1.8 

From  J.  C.  Drummond’s  “The  Englishman’s  Food,’’  London.  J 
Cape.  1940. 

*  A  diet  containing  as  little  thiamine  as  this  (0.22  mg.  per  thousand 
calories)  provokes  symptoms  of  severe  athiaminosis.  See  William.s 
B.  p.;  Mason,  H.  L.;  Smith,  B.  F.,  and  Wilder,  R.  M.:  Further  Obserl 
vations  on  Induced  Thiamine  (Vitamin  Bi)  Deficiency  and  the  Thiamine 
Requirement  of  Man,  Arch.  Int.  Med.  (>D  :  721-738  (May)  1942 
t  For  moderate  activity. 


white  flour  and  bread  should  be  demanded.  Restora¬ 
tion  to  staples  such  as  flour  of  nutrients  removed  in 
processing  was  recommended  in  1939  by  the  Council  on 
Foods  and  Nutrition  of  the  American  Medical  Associa¬ 
tion."  The  procedure  as  applied  to  flour  and  bread 
was  later  endorsed  by  the  Food  and  Nutrition  Board 
of  the  National  Research  Council.  Flour  now  is  stand¬ 
ardized  and  controlled  by  the  Food  and  Drug  Adminis¬ 
tration.  White  flour  which  bears  the  label  “enriched” 
must  contain  thiamine  and  nicotinic  acid,  as  well  as 
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iron,  in  amounts  which  are  believed  to  approximate 
those  in  flour  as  flour  was  milled  a  century  ago.^^^ 

The  nutritional  environment  of  enormous  popula¬ 
tions  of  the  Orient,  which  largely  depend  on  rice  for 
food,  also  sufifered  badly  from  food  technology  applied 
without  the  benefit  of  science.  Milling  rice  is  much 
like  milling  wheat.  The  primitive  milling  methods 
removed  the  husks  but  left  brown  rice  with  much  of 
the  bran  intact.  The  later  milling  methods  removed  the 
bran  coats  and  with  them  much  of  the  content  of  vita¬ 
mins  and  salts.  The  later  methods  yielded  so-called 
polished  rice.  An  example  of  how  misguided  man 
can  be  was  supplied  by  Hou,^®  who  wrote  that  in  the 
rice  country  of  China  where  beriberi  is  endemic  the 
quite  nutritious  soybean  is  used  for  field  fertilization  in 
the  cultivation  of  the  less  nutritious  rice.  One  can 
buy  brown  rice  in  American  markets,  but  only  at  a 
premium.  It  six)ils  and  hence  its  distribution  costs 
are  high.  A  better  buy  is  what  is  called  unpolished 
rice.  Unpolished  rice  is  said  to  retain  about  a  half 
of  the  thiamine  of  brown  rice.  It  keeps  well  and  after 


cooking  is  almost  as  white  as  polished  rice. 

Food  habits  to  a  great  extent  depend  on  the  avail¬ 
ability  of  foods.  The  story  of  the  pottage  of  lentils  for 
which  Esau,  son  of  Isaac,  sold  his  birthright  to  his 
brother  Jacob  suggests  that  lentils  were  more  used  in 
ancient  times  than  now.  In  Germany  lentil  soup  is 
still  in  favor,  yet  in  nearby  Belgium  lentils,  which  were 
distributed  in  World  War  I,  were  spurned  by  people 
who  were  starving.  There  is  no  disputing  the  nutn- 


77  tliat  the  nutrient  quality  of  flour  can  be  adequately  cop 

;7t’il;ln.°'it  i^  inliSLjntly  f  ^^^i^rl-Kou^  p1o£ 

developed  that  permit  a^nt  of  cor^gem  i^  avail- 

vitamins  of  the  wheat.  ^ve  are  informed  (personal 

able  from  the  corn  used  by  the  distillene  ^  jjj  Qct.  28,  1942) 

communication  from  VioBin  (Torporatio  ,  sufficient  to  “make  it  pay 

that  if  a  demand  were  created  for  corn  Sfr*"  do  it.”  Corn 

to  take  it  out  they  (‘he.  displlenes)  would  be  happy 
germ,  like  wheat  germ,  is  rich  in  P/o‘ein  of  h>gh  nmriern  U  / 
Lcellent  as  a  source  of  factors  of  the  v.  arn.n  » ^"^^^^.i^fuses  of 
use  corn  and  wheat  germ  that  could  deriv  example  of  a  valuable 

corn  and  wheat  other  than  making  flour  is  one  more  example 

food  that  now  is  wasted.  .  ..it 

38.  Hou,  If.  C.:  Diet  and  Health  in  China,  Chinese  .1.  J- 
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tional  excellence  of  lentils.  Likewise  meritorious  as 
foods  are  peanuts  and  soybeans.®®  The  proteins  of 
these  legumes  are  biologically  complete,  superior  to 
those  of  any  of  the  cereals.  The  vitamins  of  the  B  com¬ 
plex  and  minerals  are  abundant.  The  Japanese  eat 
boiled  or  roasted  soybeans  from  bags  like  candy.'*® 
popular  food  in  Hawaii  is  miso,  a  fermented  mixture 
of  soybean  and  rice.  \  he  soybean  is  a  staple  in  certain 
parts  of  China,  and  the  statement  frequently  is  made 
that  in  these  regions  beriberi  and  pellagra  are  unknown. 
In  Germany,  cultivation  of  the  soybean  and  its  process¬ 
ing  for  human  food  has  become  a  major  industry. 
.\  sausage  known  as  liratling,  made  with  skim  milk  and 
soybean,  forms  a  mainstay  of  the  German  army  ration.'** 
In  the  United  States  the  press  cake  that  remains  after 
expulsion  of  the  oil  from  soybean,  peanut  or  cottonseed 
is  sold  for  feed  or  is  discarded.  The  industries  get  their 
profit  from  this  “premium  oil,”  which  in  part  is  used 
for  food,  in  part  for  other  purposes.  Yet  the  press 
cake  contains  nutrients  which  are  almost,  if  not  quite, 
as  valuable  as  the  nutrients  of  meat  and  can  inexpen¬ 
sively  be  converted  into  soups  and  other  very  tasty 
foods.  The  cost  of  production  of  protein  from  soybean 
plants  is  little  greater  than  a  tenth  the  cost  of  pro¬ 
duction  of  meat  protein,  and  the  present  relatively  small 
annual  crop  of  peanuts  and  soybeans  in  the  United 
States  would  provide  70  per  cent  as  much  protein  as 
does  the  meat  supply. 


CONCLUDING  COMMENT 


This  very^  brief  review  will  show  that  modern  man 
could  reconsider  many  of  his  food  ways  with  immeasur¬ 
able  advantage.  Greater  and  more  economical  use  of 
milk  and  meat  and  the  use  of  more  organ  meat  and  fish 
would  help  to  raise  the  quality  of  diets.  Some  common 
foods  can  be  improved  and  greater  use  of  many  uncom¬ 
mon  foods  would  help  provide  more  adequate  nutrition. 
The  world  is  full  of  food  potentialities,  and  the  antici¬ 
pated  demands  for  foods  possessing  superior  nutritive 
qualities  calls  for  a  reevaluation  of  world  supplies  of 


■>'  An,.  J. 
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food.  The  reevaliiation,  if  based  on  the  science  of 
nutrition,  should  reveal  tlie  means  of  providing  all  that 
is  required  for  the  optimal  nutrition  of  all  the  popu¬ 
lations  of  the  globe,  which  well  may  be  prerequisite 
for  world  security  and  order. 


CHAPTER  XV 


THE  PRESERVATION  OF  THE  NUTRI¬ 
TIVE  VALUE  OE  FOODS  IN 
PROCESSINC; 

F.DW’ARn  F.  KOHMAN,  Pu.D. 

CAMDEN,  N.  J. 


The  prodigious  increase  in  the  consumption  of  succu¬ 
lent  vegetables  and  fruits  makes  an  interesting  statistical 
study.  A  century  ago  most  of  the  people  of  the  United 
States  regarded  tomatoes  as  jX)isonous,  and  when  chil¬ 
dren  ate  them  inadvertently  medication  to  counteract 
their  “toxin”  was  not  unusual.  In  1918  Hess  ^  recom¬ 
mended  tomato  juice  as  an  antiscorbutic  for  3  month 
old  infants,  and  in  later  publications  he  stated  that 
infants  can  tolerate  twice  as  much  tomato  juice  as 
orange  juice.  Today  tomato  juice  is  the  leader  in 
volume  of  an  array  of  ever  available  fruit  juices.  Many 
a  middle  aged  jierson  who  takes  for  breakfast  a  glass 
of  orange  juice  comprising  two  or  three  normal  size 
fruits  can  well  remember  when  one  such  fruit  in  his 
Christmas  stocking  was  his  annual  quota.  Samuel 
Pepys  once  drank  a  whole  glass  of  orange  juice  and 
was  surprised  that  he  did  not  become  ill. 

Less  phenomenal  growths  have  occurred  in  the  con¬ 
sumption  of  all  succulent  vegetaldes,  but  their  wide 
distribution  has  eliminated  seasonal  and  regional  effects. 
How  vegetables  fit  into  present  day  nutritional  aims 
has  recently  been  pointed  out  in  The  Journal;  -  The 
average  thiamine  and  riboflavin  contents  of  a  large 
number  of  vegetables  are,  resi)ectively,  2.8  and  2.4  nig. 
l>er  thousand  calories,  whereas  the  amounts  added  to 
enrich  flour  are  1  and  0.7  mg.  resjiectively  per  thou¬ 
sand  calories. 

E\  en  ancient  man  must  have  observed  that  certain 
root  vegetables,  such  as  parsnijis,  retain  their  edible 
qualities  in  the  earth  during  extreme  cold,  while  others, 
such  as  carrots,  can  stand  only  more  moderate  freezing 


1.  Hess,  A.  F.,  and  Unger,  L.  J.:  Canned  Tomatoes  as  in  Anti 

scorbutic,  Proc.  Soc.  Exper.  Biol.  &  Med.  16:1-2  (Oct  id)  1918  ^  * 

M.  A  riTssf  (Sw,  ermT''''  ''“™'  >■  A. 
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and  some  are  damaged  by  mild  freezing.  As  a  result, 
the  vegetable  pit  was  evolved  as  the  most  primitive 
method  of  processing  succulent  foods  for  their  preserva¬ 
tion,  now  exemplified  in  refrigeration  under  controlled 
temperature,  humidity  and  atmospheric  gases,  and  the 
recent  modification  designated  “frosted”  or  “frozen 
foods.” 

Evidence  that  our  vitamin  age  cannot  lay  claim  to  the 
first  realization  of  the  importance  of  the  succulent  and 
perishable  foods  in  our  nutrition  is  the  evolution  of 
the  art  of  canning  stimulated  by  the  requirements  of 
Napoleon’s  armies. 

Paradoxical  as  it  sounds,  lack  of  heat  (refrigeration) 
and  application  of  heat  (canning)  have  come  to  he  the 
two  major  means  of  preserving  perishable  foods  for 
use  at  all  times  and  places.  Today  investigators  are 
evaluating  the  efficacy  of  these  in  preserving  essential 
nutrients,  emphasizing,  as  has  recently  developed  knowl¬ 
edge  on  nutrition,  the  vitamins.  A  short  review  of  the 
many  experiments  conducted  on  this  jx)int  can  only 
touch  on  the  most  pertinent,  hut  these  make  it  possible 
by  inference  and  analogy  to  draw  certain  general  con¬ 
clusions. 


EFFECT  OF  STORAGE  AND  COOKING  ON 
VITAMIN  C 


Among  the  fruits,  apples  are  prominent  in  lending 
themselves  to  cold  storage.  Recently,  Eheart  ®  reported 
an  average  loss  of  20  per  cent  of  the  vitamin  C  content 
during  twelve  weeks  in  experiments  involving  sixteen 
varieties  of  apples,  two  seasons  and  temperatures  rang¬ 
ing  from  35.3  to  37.9  F.  A  loss  of  one  third  occurred 
in  from  eighteen  to  twenty-four  weeks.  Other  investi¬ 
gators  have  reported  lower  losses  at  32  F.,  the  practical 
minimum  for  apple  storage.  In  cooking  apples  Eheart 
encountered  losses  which  could  he  ameliorated  by  previ¬ 
ously  keeping  the  p>eeled  and  cored  apples  submerged 
in  a  2.5  per  cent  salt  solution  for  twenty-four  hours, 
the  sodium  chloride  serving  to  keep  the  apples  from 
darkening.  The  losses  of  vitamin  C  with  three  methods 
of  cooking  apples  submerged  and  apples  not  submerged 
in  salt  solution  are  recorded  in  table  1.  Kohman  and 


3.  Eheart,  Mary  S.: 
Apples.  Virginia  Agric. 

pp.  1-16. 
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Sanborn  ^  showed  in  1924  that  in  commercial  canning 
apples  submerged  for  sixteen  hours  at  room  temperature 
consumed  all  the  oxygen  within  their  tissues  i  his 
pretreatment  is  now  accomplished  in  an  hour  at 
Apples  so  treated  may  be  canned  without  measurable 
loss  of  vitamin  C  and  after  a  few  months  storage  are 
more  potent  in  this  factor  than  similar  apples  stoi  ed 
under  refrigeration.® 

These  experiments  indicate  that  oxygen  may  play  a 
distinctly  destructive  role  toward  vitainin  C.  They  indi¬ 
cate  but  do  not  prove  that  heating  is  without  effect. 
This  was  shown  by  increasing  the  normal  processing  of 
canned  peas  from  twenty-five  minutes  to  fifty  minutes 
at  250  F.®  without  there  being  any  increased  destruc¬ 
tion  of  vitamin  C.  Many  foods  have  reducing  effects  on 
oxidized  (dehydro)  ascorbic  acid,  as  was  strikingly 
demonstrated  in  peas  "  and  as  the  following  unpublished 


Table  1. — Losses  of  Vitamin  C  from  Apples 


Previously 

Not 

Submerged, 

Submerged, 

Method  of  Cooking 

per  Cent 

per  Cent 

Apple  sauce . 

.  58 

91 

Pried  apples . 

.  68 

80 

Apple  pie . 

.  91 

92 

experiment  illustrative  of  a  common  behavior  of  many 
foods  shows:  Tomato  juice  was  extracted  without 
incorporating  air  and  the  ascorbic  acid  determined  with 
2,6-dichlorphenolindophenol.  The  juice  was  then  divided 
into  two  portions,  to  one  of  which  dehydro  ascorbic  acid 
was  added.  This  did  not  affect  the  titration  value.  All 
the  air  was  evacuated  from  both  portions  in  pyrex  glass 
flasks,  which  were  sealed  and  heated  for  thirty  minutes 
under  boiling  water.  The  titration  value  of  the  portion 
to  which  oxidized  ascorbic  acid  had  been  added  on 
cooling  was  7.5  per  cent  higher  than  previously,  whereas 
the  other  was  unchanged.  The  fact  that  heating  a  food 
in  itself  need  not  be  destructive  of  vitamin  C  must  be 


4.  Kohman,  E.  F.,  and  Sanborn,  N.  H.:  The  Nature  of  Corrosion  in 
Canned  Fruits,  Indust.  &  Engin.  Chem.  16:290  (March)  1924. 

5.  Kohm^,  E.  F.;  Eddy,  W.  H.,  and  Carlson,  Victoria:  Vitamin  C 

in  Canned  Foods:  II.  The  Vitamin  C  Destructive  Factor  in  Annies 

Indust.  &  Engin.  Chem.  16:  1261  (Dec.)  1924.  ^PPies, 

6.  Eddy,  W.  H.;  Kohman,  E.  F.,  and  Carlson,  Victoria:  Vitamins  in 

19^6*!^'^  Foods:  III.  Peas,  Indust.  &  Engin.  Chem.  18:85-89  (Jan.) 

7.  Kohman,  E.  F.,  and  Sanborn,  N.  H.:  Vegetal  Reduction  of 

droascorbic  Acid,  Indust.  &  Engin.  Chem.  29:1195  (Oct.)  1937,  ^ 
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ke])t  in  mind  in  considering  the  effect  of  cooking.  Foods 
cannot  be  cooked  without  heat  but  they  can  be  cooked  in 
the  absence  of  oxygen. 

Floyd  and  Fraps  ®  have  made  practical  application 
of  avoiding  oxidation  of  ascorbic  acid  in  household 
cookery.  In  a  large  number  of  trials,  rapid  cooking  of 
turnip  greens,  maintaining  a  constant  rise  of  vapors 
to  blanket  off  the  atmospheric  oxygen,  resulted  in  only 
15.5  to  26.7  per  cent  destruction  of  vitamin  C,  while 
slow  cooking  caused  23.8  to  36.5  per  cent  destruction. 
Covering  the  cooking  vessel  had  no  protective  effect. 

Storage  losses  of  ascorbic  acid  may  be  greater  in  some 
products  than  in  apples.  Maine^ grown  Green  Mountain 
and  Irish  Cobbler  potatoes  “  in  a  month’s  storage  at 
15.5  C.  lost  30  per  cent  ascorbic  acid  and  in  five  months 
nearly  50  per  cent.  Lower  storage  temperatures  for 
potatoes  did  not  lower  the  losses.  Loss  in  cooking 
becomes  progressively  greater  with  the  following  meth¬ 
ods :  steaming,  boiling,  baking  and  pressure  cooking, 
but  in  no  case  did  it  exceed  25  per  cent. 

Clagett  and  Tottingham  found  that  potatoes  of 
several  varieties  grown  in  Wisconsin  and  stored  for 
nine  months  at  4.5  C.  were  20  per  cent  lower  in  ascorbic 
acid  content  than  Triumph  and  White  Rose  potatoes 
recently  shipped  to  Wisconsin  markets  from  the  Pacific 
coast. 

Schuenert  and  Reschke  “  made  a  comprehensive 
study  in  Germany  of  storing  and  cooking  potatoes. 
Steaming  was  found  to  result  in  the  least  loss  of  ascorbic 
acid.  They  assign  to  peeled,  halved  and  steamed  pota¬ 
toes' the  following  progressively  smaller  values  with  the 
advancing  winter  months:  October,  18  mg.  per  hundred 
grams;  November,  15  mg.;  December,  13  mg. ,  January, 
11  mg. ;  February,  10  mg. ;  March,  9  mg. ;  April,  8  mg., 

and  May /June,  7  mg.  ,  i  ♦ 

Cabbage  stored  in  a  home  vegetable  cellar  at  about 

45  F  and  relative  humidity  of  55  for  two  months 


Acid  Content  of  Potatoes  J.  Agnc.  Research 
and°'p?endic  Compound  Contend  o^’P°‘ato 

‘Schu^^ert,  A?  Res/hke,T.?j^and'||je^^^^^^  E  =  Ueber  den  V.ta 
min  C-Gehalt  der  Kartoffelen.  Biochem.  ^tschr.  30,>.  1  Uu  ;  ^ 
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dropwd  from  an  original  vitamin  B,  content  of  45 
Sherman-Chase  units  to  40,  while  after  being  cooked 
in  generous  amounts  of  water  for  ten  minutes  the 
unstored  and  stored  fell  respectively  to  23  and  20  units. 
The  vitamin  C  content  in  fall  and  spring  was,  in  the  raw 
state,  respectively  63  and  47  mg.  per  bundled  grams 
and  after  cooking  35  and  27  mg.  Onions  were  found 
to  change  insignificantly. 

Wellington  and  Tressler  rejxirted  an  actual  loss  of 
from  10  to  30  i>er  cent  of  vitamin  C  in  cooking  cabbage 
by  various  methods,  but  the  cooking  water  extracted  as 
much  as  66  ])er  cent.  With  carrots  loss  of  14  per 
cent  of  their  vitamin  C  was  observed  both  when  boiled 
and  when  steamed,  hut  the  vitamin  C  remaining  after 
steaming  was  nearly  all  in  the  carrots,  whereas  the 
cooking  water  extracted  vitamin  C  in  proportion  to  the 
volume. 

Parsnips  containing  in  the  fall  from  12.8  to 
39.9  mg.  of  ascorbic  acid  per  hundred  grams  contained 
from  5.5  to  12.7  mg.  after  winter  storage  in  the  ground. 
Fall  and  spring  parsnips  boiled  unpeeled  contained 
res]>ectively  an  average  of  30.5  and  8.3  mg.  of  ascorbic 
acid  per  hundred  grams,  while  boiled  after  peeling  they 
contained  resj^ectively  15.3  and  7  mg. 

Harris,  Wissmann  and  Greenlie  noted  an  average 
loss  of  44  per  cent  in  ascorbic  acid  in  a  number  of  vege¬ 
tables  at  41  F.  with  relative  humidity  of  65  per  cent  as 
against^  a  26  per  cent  loss  with  a  relative  humidity  of 
93  per  cent.  While  vitamin  A  and  thiamine  losses  were 
less,  they  too  were  better  preserved  at  the  higher 
humidity. 

Fitzgerald  and  Fellers  give  the  following  average 
values,  based  on  samples  purchased  weekly  over  a 
])eriod  of  one  year,  for  ascorbic  acid  in  milligrams  per 


13.  Wellington,  Mary  Elizabeth,  and  Tressler,  D.  K. :  Vitamin  C  in 
e^  ables:  IX.  Influence  of  Method  of  Cooking  on  Vitamin  C  Content 

of  Cabbage,  Food  Research  3:311  (May-June)  1938. 
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liundred  grams  (table  2).  Spinach^®  at  from  1  to  3  C. 
lost  its  vitamin  C  very  slowly,  whereas  at  room  tem¬ 
perature  it  lost  half  in  three  days  and  nearly  all  in  seven 
days.  Peas,^®  on  the  other  hand,  showed  no  appreciable 
loss  of  vitamin  C  in  six  days  at  1  to  9  C.  but  considerable 
at  18  to  22  C.  Lima  beans,-®  shelled  and  unshelled,  at 
0  C.  for  eleven  days  lost  respectively  58  and  31  per  cent 
of  their  vitamin  C  content.  Sweet  corn  purchased  on 
the  market  does  not  sufifer  a  significant  loss  in  vita¬ 
min  C  during  its  good  quality  history.  Fresh  corn 
cooked  on  the  cob  for  eating  (twelve  minutes)  lost  7 
to  10  per  cent  of  its  vitamin  C  content.  Mack,  Tapley 
and  King  reported  that  wax  beans  lost  81  per  cent  and 
Kentucky  Wonder  58  per  cent  vitamin  C  in  six  days  at 
from  21  to  23  C.  and  proportionately  less  in  shorter 
periods.  When  wax  beans  were  cooked  to  the  done 
stage  there  was  62  per  cent  of  the  vitamin  C  in  the 
drained  solids  and  26  per  cent  in  the  cooking  water. 
The  corresponding  figures  for  Kentucky  Wonder  beans 
were  66  and  32,  indicating  a  destruction  of  12  and 
2  per  cent  respectively. 

Wheeler,  Tressler  and  King  found  that  the  ascorbic 
acid  content  of  parsnips  stored  over  winter  in  a  pit 
dropped  from  40  mg.  per  hundred  grams  in  the  fall  to 
15  mg.  in  the  spring.  Kale  and  New  Zealand  spinach 
lost  half  in  four  days  at  room  temperature,  while  the 
loss  in  broccoli  and  cauliflower  was  only  moderate. 
Wilting  is  always  accompanied  by  serious  loss  of 
vitamin  C.  • 

Richardson  and  Mayfield  state  that  canned  citrus 
juices  and  tomato  juice  after  the  can  is  opened  lose  no 
vitamin  C  in  forty-eight  hours,  stored  in  a  refrigerator. 


18.  Tressler,  D.  K.;  Mack,  G.  L.,  and  King,  C.  G.:  Vitamin  C  Content 
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On  the  other  hand,  Ciould  and  Tressler-®  found  that 
holding  cooked  cabbage  at  1  to  3  C.  resulted  in  a  loss 
of  50  per  cent  vitamin  C  in  tw'enty-eight  hours,  ihe 
relative  stability  of  vitamin  C  under  such  conditions  has 
been  shown  '  to  be  a  characteristic  of  each  product  and 
not  a  function  of  the  pu  or  acidity,  although  influenced 
by  them. 

^  Bananas  in  three  stages  of  ripeness  contained, 
green,  6.1  mg.  of  ascorbic  acid  jier  hundred  grams;  yel¬ 
low,  6.3  mg.,  and  fully  ripe,  7.3  mg.  House,  Nelson 
and  Haber  found  no  difiference  in  the  vitamin 
content  of  green,  mature  and  vine  ripened  tomatoes, 
but  the  latter  contained  more  vitamin  A  and  vitamin  C 
and  more  than  the  green  mature  picked  tomatoes  after 
they  were  ripened  either  in  air  or  with  ethylene. 


Table  2. — Average  Milligram  J’alues  for  Ascorbic  Acid 
per  Hundred  Crams 


Broc¬ 

coli 

As  purchased  on  wholesale  mar¬ 


ket .  77 

24  hours  later  at  70  F .  60 

48  hours  later  at  70  F .  50 


Spinucli 

Peas 

Aspara¬ 

gus 

Snap 

Beans 

35.0 

15.5 

12.5 

10.0 

20.0 

14.8 

10.0 

8.5 

18.5 

14.0 

10.0 

7.5 

Bartlett  pears  were  shown  by  Tressler  and  Moyer 
to  drop  from  9  to  4.9  mg.  of  ascorbic  acid  per  hundred 
grams  during  the  first  two  months  of  storage  at  30  F. 
and  thereafter  fall  hut  little. 


While  modern  cold  storage  allows  but  little  loss  of 
food  value  as  a  consequence  of  respiration,  Benoy  2»  has 
pointed  out  that  with  vegetables  harvested  in  summer 
this  may  be  a  matter  of  serious  proportions.  Benoy 
found  that  the  carbon  dioxide  given  off  at  30  C.  during 
the  second  to  the  twenty-sixth  hour  after  being  harvested 
accounted  for  a  loss  of  several  per  cent  r)f  the  sugar 


25.  Gould,  Stella,  and  Tressler,  D.  K. :  The  Vitamin  Content  of  Vege¬ 
tables,  Food  Research  1  :  429  (Sept. -Oct.)  1938 
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from  vegetables  as  follows:  asparagus  13.7  per  cent, 
lettuce  6.4  per  cent,  green  beans  6.3  per  cent,  okra 
5.2  per  cent,  carrots  4.5  per  cent,  tomatoes  3.2  per  cent 
and  beets  2.7  per  cent.  4'he  serious  aspect  of  this  loss 
is  that  the  flavor  loss  is  of  even  greater  proportions. 

Olliver  points  out  that  while  water  soluble  con¬ 
stituents  tend  to  be  extracted  in  the  boiling  of  vegetables, 
this  loss  may  be  minimized  and  the  extractives  used  by 
kee]>ing  the  water  at  a  minimum  and  using  it.  All  the 
vitamin  A  and  from  70  to  75  per  cent  of  the  vitamin  Bj 
is  retained,  and  while  from  40  to  75  per  cent  of  the 
\itamin  C  may  be  extracted  less  than  10  per  cent  is 
actually  destroyed.  In  the  present  war  period,  she 
points  out,  cooked  vegetables  constitute  the  chief  source 
of  vitamin  C  in  England.  Wdiile  sodium,  potassium 
and  chlorine  are  extracted,  they  are  dietetically  unimpor¬ 
tant,  and  calcium  is  not  extracted. 

It  is  evident  from  the  array  of  evidence  cited  that 
storage,  cooking  and  other  treatments  to  which  vege¬ 
tables  and  fruits  are  subjected  may  have  a  material  effect 
on  their  vitamin  C  value.  It  is  evident  also  that  these 
effects  in  many  instances  can  be  greatly  minimized  with 
care  such  as  maintaining  ideal  storage  and  ado])ting 
appropriate  cooking  procedures.  Heat  in  cooking  is 
responsible  for  no  serious  vitamin  C  loss. 

The  reason  for  all  these  data  presented  on  vitamin  C 
is  twofold.  Of  the  vitamins,  only  in  the  case  of  C  has 
it  been  possible  to  assay  many  foods  by  chemical  means. 
Secondly,  it  is  not  uncommon,  as  Fenton  has  done,  to 
use  the  retention  of  vitamin  C  in  vegetables  as  a  criterion 
of  both  quality  and  nutritive  value  in  general. 


EFFECT  OF  STORAGE  AND  COOKINt;  ON 


OTHER  NUTRIENTS 


Data  on  nutritive  value  as  affected  by  jiiocessing  are 
not  limited  entirely  to  vitamin  C.  Aughey  and  Daniel 
report  that  there  was  no  loss  of  thiamine  in  ])ressuic 
cooking  or  boiling  carrots;  16  ix^r  cent  loss  in  baking 
potatoes;  20  per  cent  in  pared  and  boiled  i^tatoes : 
22  ix;r  cent  in  boiled  spinach;  9  per  cent  in  simmered 


30.  Olliver.  Mamie:  The  Effect  of  Cooking  on  the  Nutritive  Value  of 
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31.  Fenton,  Faith:  Vitamin  C  Retention  as  a  ^’''^ime  luly^  1940  PP- 

Nutritive  Value  in  Vegetables.  J.  Am.  Dietet.  A..  June-July.  pp 
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green  peas,  and  22  per  cent  if  soda  is  added;  18  i^er  cent 
in  boiled  beans  and  59  per  cent  if  soda  is  added;  no 
loss  in  boiled  navy  beans ;  no  loss  in  rolled  oats  oi 
wheat  cooked  in  a  double  boiler ;  14  per  cent  loss  in 
baking  bread;  15  per  cent  in  braised  ix)rk  loin,  and 
43  per  cent  loss  in  roast  pork.  Kelly  and  Porter  give, 
in  international  units  of  available  thiamine  per  gram, 
values  of  variously  prepared  beans  of  two  types 
(table  3).  Their  results  are  based  on  feeding  experi¬ 
ments  and  it  is  noteworthy  that  all  samples  of  beans 
with  which  they  worked  had  a  lower  vitamin  value 
in  the  raw  state  than  in  any  of  the  cooked  forms. 

Lantz  found  that  neither  the  riboflavin  nor  the  B(. 
of  pinto  beans  in  the  raw  state  was  utilized  by  rats  but 

Table  3. — International  Units  of  TJiianiinc  per  Gram  of 
Uarions  Prepared  Beans 


Mirtiigau  Cranberry 
Beans  Beans 


Raw  . 

Boiled  in  soaking  water . 

Boiled  in  fresh  distilled  water . 

Soaked  with  soda,  boiled  in  fresh  water 
Baked  in  soaking  water . 


0.9 

2.9 

2.8 

2.9 

1.9 


1.7 
3.0 
2.9 

2.8 
2.3 


both  were  well  utilized  in  the  cooked  beans.  The  cooked 
beans  had  8  micrograms  of  riboflavin  per  gram,  with 
negligible  quantities  in  the  cooking  water. 

Oldham  and  Schlutz  demonstrated  that  heating 
meat,  as  in  cooking  or  drying,  renders  the  total  iron 
of  beef  muscle  as  available  to  infants  as  equivalent 
amounts  of  inorganic  iron,  whereas  the  iron  of  unheated 
lean  meat  is  generally  agreed  to  be  but  poorly  utilized. 
Mickelsen,  Waisman  and  Klvehjem  found  nicotinic 
acid  and  ribfiflavin  stable  to  most  cooking  processes  in 
meats,  and  wliile  thiamine  siifl'ers  some  loss  it  is  least 
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affected  by  fryinj^  in  meat  ])roducts.  Hodson  found 
stewing,  roasting,  broiling  or  frying  chicken  had  no 
effect  on  the  riboflavin  content. 


BLANCHING  TOR  FROZEN  AND  CANNED  FOODS 


Many  of  the  recorded  experiments  purporting  to  show 
the  extraction  effect  of  blanching  are  so  far  from  actual 
conditions  in  commercial  use  that  they  are  misleading. 
For  example,  Magoon  and  Culpepper®®  scalded  1,700 
Gm.  of  spinach  and  peas  in  16,000  cc.  of  boiling  distilled 
water  each  for  two  and  four  minutes  and  green  beans 
for  four  and  eight  minute  periods.  They  state  that  in 
the  case  of  spinach  as  much  as  16  to  30  per  cent  of 
the  total  dry  matter  might  under  such  conditions  be 
extracted  while,  in  the  case  of  green  beans,  as  little  as 
1.5  to  10  per  cent  was  extracted,  the  values  for  peas 
lying  in  between.  These,  however,  represent  far  more 
severe  conditions  than  obtain  in  commercial  blanching,  in 
which  a  continuous  stream  of  vegetables  passes  through 
a  limited  amount  of  water,  which  is  replenished  by  the 
amount  carried  out  by  the  vegetable.  Under  these 
conditions  the  projxirtion  of  water  to  vegetable  is  small 
and,  obviously,  the  extractive  effect  thereby  limited. 
Horner  noted  that  in  blanching  the  losses  of  potas¬ 
sium  ranged  from  9  per  cent  in  jiotatoes  to  40  per  cent 
in  beans;  phosphorus  from  9  per  cent  in  potatoes  to 
20  per  cent  in  peas,  and  magnesium  from  13  per  cent  in 
carrots  to  25  per  cent  in  peas  and  potatoes.  Calcium 
is  actually  absorbed  from  the  hard  water  used  for 
blanching.  As  Olliver  has  pointed  out,  extraction 
of  potassium,  sodium  and  magnesium  is  of  no  dietetic 


importance. 

Some  experiments  on  the  extractive  effect  of  blanch¬ 
ing  on  the  vitamin  content  are  on  record.  Todhunter 
and  Sparling’s  values  are  given  in  table  4.  Finke 


37  Hodson  A.  Z.:  Effect  of  Cooking  on  Riboflavin  Content  of 
Chicken  Meat’,  Food  Research  6:175  (March-April)  1941 

38.  Magoon,  C.  A.,  and  Culpepper,  C,  W.:  Scalding,  Precooking  and 
Chilling  as  Preliminary  Canning  Operations,  U.  S.  Department  of  Agri¬ 
culture,  Bulletin  1265,  November  1924,  P-  r 

39  Horner  G. •  Progress  Report  on  the  Mineral  Content  ot  Cannea 
Vegetables?"uni;ersity  ^f  Bris'tol  FruU  and  Vegetable  Preservation 
Research  Station,  Campden,  Ann.,  Sept.  1936-1937,  pp.  5  -  _ 

40.  Todhunter,  Elizabeth-Neige,  and  Sparling,  B.  L- :  Vitamin 

of  Garden  Type  Peas  Preserved  by  the  Frozen  Pack  Method,  Foo 

Research  3:489  (Sept.-Oct.)  1938.  ,  ^  j  Pre- 

41.  Finke.  Margaret  L. ;  Vitamin  Vdue  of  Garderi  Fyp«  P'as  Pre 
served  by  Frozen  Pack  Method;  III.  Thiamine,  Food  Research  4,605 
(Nov. -Dec.)  1939. 
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states  that  peas  blanched  for  two  minutes  at  /I  C.  had 
4  micrograms  of  thiamine  per  gram  and  only  Z.b  when 
blanched  two  or  three  minutes  at  99  C. 

There  is  so  much  inconsistency  in  these  figures  that 
one  is  not  warranted  in  drawing  far  reaching  conclu¬ 
sions.  When  in  one  case  the  ascorbic  acid  is  9.1  mg. 
j)er  hundred  grams  with  a  six  minute  blanch  and  only 
7.2  with  a  four  minute  blanch,  then  there  is  no  basis 
for  assigning  any  significance  to  another  case  in  which 
it  is  22.6  for  the  six  minute  blanch  while  it  is  23.2  for 
the  four  minute  blanch.  As  for  the  thiamine  values  of 
Finke,  it  should  be  borne  in  mind  that  the  feeding  levels 
were  0.8  Gm.  and  1.2  Gm.  of  peas  a  day  and  that  the 


Table  4. — Extractive  Effects  of  Blanching  on  Ascorbic 
Acid  Content  of  Peas 


Blancli 

■Ascorbic  .Acid, 

Time, 

- -  -  - - 

- ^ 

.\Ig.  per  100  Gm. 

Miniite.s 

Temperature 

Kind 

Peas 

1 

99  0. 

Water 

21.0 

2 

99  C. 

Water 

18.5 

3 

99  C. 

Water 

17.0 

1 

99  C. 

Steam 

18.8 

2 

88  C. 

Water 

21.2 

4 

88  C. 

Water 

23.2 

0 

88  C. 

Water 

22.6 

O 

88  C. 

Water 

8.1 

4 

88  C. 

Water 

7.2 

() 

88  C. 

Water 

9.1 

growth  response  for  the  1.2  Gm.  dosage  was  so  great 
that  it  had  to  be  discarded  when  the  thiamine  level  was 
evaluated.  Yet  there  is  sufficient  evidence  to  warrant 
the  statement  that  the  greater  part  of  the  loss  of  vita¬ 
min  C  in  canning  occurs  before  the  vegetable  enters  the 
can.  This  is  in  part  due  to  extraction  and  in  part  to 
destiuction.  The  matter  is  not  so  sim|)le  in  frozen 
vegetables. 

FROZEN  FOODS 

In  recent  years  so-called  frosted  or  frozen  foods 
have  appeared  in  retail  form.  Long  before,  however. 
It  was  customary  to  freeze  certain  fruits,  chiefly  berries', 
m  barrels  with  or  without  sugar,  for  the  purpose  of  later 
converting  them  into  jams,  preserves  and  jellies  They 
were  frozen  without  any  precooking.  When  attempts 
were  made  to  extend  this  freezing  method  to  vegetables 
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it  soon  Ix^canie  apparent  that  their  normal  flavor  could 
not  long  be  retained.  Vegetables  so  frozen  soon  acquire 
what  is  commonly  referred  to  as  a  haylike  flavor.  This 
was  traced  to  the  effect  of  enzymes  whose  activity  is 
not  completely  inhibited  even  in  the  frozen  state.  It 
is  a  well  known  fact  that  abnormal  activity  of  enzymes 
is  aroused  in  a  broken,  raw  vegetable  cell.  While  much 
has  been  said  about  “quick  freezing”  as  a  means  of 
reducing  the  size  of  ice  crystals  that  may  otherwise 
pierce  or  rupture  the  cells,  the  fact  of  the  case  is  that 
the  rupturing  of  the  raw  vegetable  cell  cannot  be 
avoided,  irrespective  of  the  rapidity  with  which  freez¬ 
ing  is  accomplished.  I  was  convinced  of  this  experi¬ 
mentally  in  1928  by  the  use  of  liquid  air  as  a  freezing 
medium.  So-called  quick  freezing  of  vegetables  has 
virtues  only  in  that  it  reduces  the  development  of  micro¬ 
organisms  as  well  as  the  action  of  atmospheric  oxygen 
on  the  food,  for  example,  on  vitamin  C. 

It  is  now  customary  to  blanch  all  vegetables  before 
freezing  to  inactivate  the  enzymes  and,  for  canning, 
blanching  is  necessary  to  exi:>el  air  to  avoid  straining  the 
hermetic  seal  in  processing  and  to  reduce  the  volume 
and  enable  compact  filling.  Temperatures  up  to  or  less 
than  boiling  water  for  one  to  a  few  minutes  have  been 


found  adequate. 

The  gases  in  most  vegetables  are  relatively  low  in 
oxygen  content  in  comparison  with  the  oxygen  of  the 
air,  owing  to  the  fact  that  the  respiratory  process  con¬ 
stantly  taking  place  in  raw  vegetables  tends  to  use  up  the 
ox^'gen  within  the  tissues.  The  blanching,  as  can  be 
surmised  from  the  relatively  low  loss  of  vitamin  C  in 
cooking  vegetables,  has  no  serious  destructive  effect  on 

vitamins.  , ,  ,  ,  • 

However,  after  the  vegetables  are  blanched  their 
oxygen-consuming  enzymes  are  inactivated.  Glutathione 
and  hydrogenases  in  them  no  longer  exert  their  reduc¬ 
ing  effect.^  The  vegetables  now  become  saturated  with 
oxygen;  this  oxygen  becomes  a  serious  agent  in  vita¬ 
min  C  loss  with  storage  if  low  temperatures  are  not  at 
all  times  maintained.  This  is  a  matter  of  particular 
concern  if  frozen  vegetables  are  thawed  an  appreciable 
time  before  being  used.  As  the  vegetables  must  e 
cooked  for  table  use,  the  vitamin  C  may  now  suffer  a 
greater  loss  than  when  raw  vegetables  are  cooked 

directlv  for  table  use. 
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Rose.'-  who  reviewed  the  literature  on  frozen  foods, 
has  pointed  out  the  importance  of  their  being  kept  in 
the  frozen  state  up  to  the  time  they  are  to  he  cooked  toi 
use.  Fellers  and  Stepat  found  the  average  ascorbic 
acid  content  of  thirteen  samples  of  frozen  peas  to  be 
13.1  mg.  per  hundred  grams,  but  after  they  had  been 
defrosted  from  two  to  six  hours  the  average  value 
drop})ed  to  4.1  mg.  Xodhunter  and  Sparling  claimed 
that  peas  thawed  within  thirty  minutes  lost  27  per  cent 
in  one  hour  thereafter.  At  4.5  C.  25  per  cent  was  lost  in 
twenty-four  hours.  This  represents  keeping  the  peas 
in  a  refrigerator  for  thawing.  Jenkins  and  Tressler^'^ 
reported  losses  from  negligible  to  20  i:>er  cent  in  six 
months  at  0  F.  and  much  higher  losses  at  10  to  15  F., 
ranging  from  approximately  40  per  cent  to  more  than 
90  per  cent  in  various  products.  iMcIntosh  and  i  ress- 
ler  found  a  variable  loss  of  vitamin  C  up  to  14  per 
cent  in  cooking  a  number  of  frozen  vegetables  for  table 
use  in  various  ways  with  from  13  to  30  per  cent  in  the 
liquor  and  from  70  to  80  per  cent  in  the  solids,  the 
amount  in  the  liquid  depending  on  the  amount  of  cook¬ 
ing  water. 

It  api)ears  from  these  data  and  others  that  it  is 
important  not  only  to  freeze  vegetables  quickly  but 
to  maintain  a  low  storage  temperature  and  to  prevent 
thawing  until  such  time  as  they  are  to  be  cooked  for 
the  table. 


CANNING 


Canning  was  the  first  method  of  preserving  foods 
to  receive  scientific  study.  The  latest  report  of  the 
National  Resources  Planning  Board  states  “No  better 
example  of  the  value  to  be  obtained  from  a  trade 
association’s  operation  of  its  own  technical  research 
laboratory  can  be  cited.  .  .  .  The  industry  quickly 
availed  itself  of  the  association  laboratory’s  findings  and 
put  its  recommendations  into  efifect  in  processing. 

The  industry  has  benefited  in  many  ways,  .  .  .  the 
public  has  benefited  through  having  made  available  a 


42  Rose,  Ma^ry  Swartz;  The  Effect  of  Quick  Freezing  on  the  Nutri- 
tive  Value  of  Foods,  J.  A.  M.  A.  114:  1356  (April  6)  1940. 

43.  Fellers,  C.  R.,  and  Stepat,  W. :  Effect  of  Shipping,  Freezing  and 
Canning  on  the  Ascorbic  Acid  Content  of  Peas,  Proc.  Ani  So^  Horti 
cultural  Science  33:  627,  1935  '  «orti- 
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very  wide  variety  of  wholesome  foods  at  lower  costs.” 
In  another  connection  the  report  states  ‘‘The  production 
of  vegetables  suitable  for  canning  has  inspired  some  lines 
of  important  research.”  Agricultural  experiment  sta¬ 
tions  of  many  states  have  had  a  hand  in  developing 
varieties  especially  suitable  for  canning.  Canning  fac¬ 
tories  are  located  in  the  center  or  vicinity  of  the  areas 
supplying  them.  Deterioration  of  raw  produce  due  to 
storage  is  not  a  problem.  Each  crop  may  be  harvested 
when  it  is  at  its  prime.  No  allowance  need  be  made 
for  ripening  in  transit,  thus  permitting  full  development 
on  tree  or  vine. 


The  chief  feature  in  canning  foods  is  the  application 
of  sufficient  heat  to  destroy  spoilage  organisms.  This 
in  many  cases  is  more  than  is  necessary  for  table  use. 
One  of  the  most  notable  effects  is  the  change  in  green 
vegetables  from  a  bright  green  to  an  olive  green.  This 
has  been  in  part  linked  to  a  lowering  of  the  pu  value 
which  generally  occurs  in  cooking  foods,  the  degree 
depending  on  the  time  and  temperature.  Since  chloro¬ 
phyll  has  never  been  found  to  possess  nutritional  func¬ 
tions,  nor  the  change  in  pu  to  have  any  nutritional 
significance,  these  effects  need  not  be  discussed  here. 

Fixsen  has  tabulated  effects  of  cooking  and  can¬ 
ning.  That  processing  is  without  effect  on  vitamin  A 
is  evidenced  by  the  experiments  of  Steenbock  and 
Boutwell,^®  who  autoclaved  yellow  maize,  chard,  carrots, 
sweet  potatoes,  squash  and  alfalfa  for  three  hours  at 
250  F.  without  affecting  the  vitamin  A.  This  is  far 
more  severe  than  any  canning  process. 

Arnold  and  Elvehjem  studied  the  effect  of  process¬ 
ing  dog  food  meat  in  1  pound  cans.  The  following 
thiamine  losses  were  noted  in  a  process  of  two  hours 
at  240  F. :  beef  kidney  80  per  cent,  beef  lung  75  per 
cent,  and  beef  spleen  70  per  cent.  Leg  muscle  in  one 
hour  and  fifty  minutes  at  250  F.  lost  80  per  cent. 
In  a  sample  of  “meat  food  product”  which  ‘‘contained 
a  small  amount  of  grains”  the  following  losses  were 
noted :  at  240  F.  in  one  hour  60  per  cent,  in  one  and 


46.  Blair,  J.  S.:  Color  Stabilization  of  Green  Vegetables,  U.  S.  Patent 

^’?7^’°Fixsln"Mariara‘ A.  Boas:  The  Vitamin  Content  of.  Human  Foo^ 
as  Affected  by  Processes  of  Cooking  and  Canning,  Nutrition  Abstr.  & 
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one-half  hours  67  per  cent,  in  two  hours  70  per  cent, 
in  one  hour  and  fifty  minutes  at  250  F.  80  per  cent. 
An  interesting  feature  of  these  data  is  that  doubling  t  le 
process  time  raised  the  destruction  only  from  60  to  70 
per  cent,  yet  the  product  received  a  more  severe  heat 
treatment  during  the  second  hour  because  a  considerable 
part  of  the  first  hour  was  required  for  the  heat  to 
j)enetrate  the  material  in  the  can.  The  necessary 
processing  time  for  such  a  product  lies  between  one  and 
two  hours.  The  pn  of  these  products  was  between 
6  and  7,  whereas  that  of  vegetables  is  approximately 
one  pn  unit  lower  and  the  stability  toward  heat  is  much 
greater  at  the  lower  pn-  With  lower  pn  and  better 
heat  penetration  for  most  vegetables  the  process  is  cor¬ 
respondingly  less  severe.  In  the  absence  of  direct  data 
on  the  various  vegetables  it  may  be  inferred  that  destruc¬ 
tion  of  vitamin  Bj  in  general  canning  is  far  less  than 


the  losses  cited. 

Schlutz  and  Knott  tested  four  lots  of  milk  by  feed¬ 
ing  experiments  before  and  immediately  after  evapora¬ 
tion  and  canning  and  found  respectively  34,  24,  21  and 
20  per  cent  losses.  One  sample,  which  contained  80 
international  units  per  quart  when  first  canned,  con¬ 
tained  68  after  two  months’  storage  and  59  international 
units  after  four  months.  Two  other  samples,  which  lost 
originally  20  and  21  per  cent  of  their  Bj,  with  eight 
months’  storage  lost  an  additional  37  and  42  i^er  cent 
respectively. 

The  best  evidence  of  the  stability  of  vitamin  C  to  the 
heat  of  canning  is  the  fact,  such  as  described  with  tomato 
juice,  that  many  foods  when  heated  with  dehydro 
ascorbic  acid  will  actually  reduce  it  to  ascorbic  acid. 
This  explains  many  of  the  observations  of  McHenry 
and  Graham  and  others  that  heating,  in  the  case  of 
several  vegetables,  increased  the  titration  value  toward 
2,6-dichlorophenolindophenol.  Unsuccessful  attempts 
have  been  made  to  explain  such  phenomena  on  the  basis 
that  ascorbic  acid  is  in  part  held  in  some  complex 
combination,  and  this  heating  hydrolyzes  it.  Many 
foods  when  processed  in  the  can  actually  have  a  higher 
titration  value  after  the  process.  Doubling  the  com- 
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mercial  process  of  canned  peas  from  twenty-five  to 
fifty  minutes  at  250  F.  did  not  lower  tlieir  value  as  an 
antiscorbutic  for  guinea  pigs.  Tomatoes  and  apples  ^ 
were  shown  to  suffer  no  loss  of  ascorbic  acid  in  canning, 
although  it  was  necessary  to  deplete  the  apples  of  oxy¬ 
gen  by  the  so-called  soaking  process  already  referred  to.^ 

I’erhaps  the  most  significant  data  on  the  nutritional 
value  of  canned  foods  has  been  obtained  in  a  number 
of  experiments  in  which  a  diet  entirely  of  canned  foods 
was  fed.  While  it  may  he  said,  with  whatever  justifi¬ 
cation,  that  human  beings  over  many  generations  have 
adapted  themselves  to  a  cooked  food  diet,  this  cannot  be 
said  of  rats  and  guinea  pigs.  Yet  both  species  of  ani¬ 
mals,  the  rats  over  ten  generations  and  the  guinea  pigs 
ewer  seven,  thrived  better  on  a  canned  food  diet  than 
on  a  diet  of  similar  foods  uncooked,  according  to  Koh- 
man,  Eddy,  White  and  Sanborn.^®  Foods  for  these 
experiments  were  purchased  in  the  New  \  ork  City 
markets  as  they  would  he  for  family  use. 

Cooking  of  foods  renders  the  calcium  more  available. 
The  vitamin  A  of  foods  like  peas  and  spinach  has  been 
found  to  he  more  readily  available  after  cooking.  Refer¬ 
ence  has  already  been  made  to  such  an  effect  on  vita¬ 
min  Bj  and  riboflavin  in  various  beans.  The  protein 
of  all  legumes  is  improved  nutritively  by  being  subjected 

to  heat. 

In  France  Cheftel,'^^  after  feeding  rats  canned  and 
noncanned  foods  over  a  period  of  fourteen  generations, 
reported  that  when  individuals  of  the  two  groups  were 
put  on  a  vitamin  A-free  diet  at  the  Pasteur  Institute 
those  having  been  raised  on  canned  foods  showed  the 
first  symptoms  of  vitamin  A  deficiency  two  weeks  later 
than  those  raised  on  noncanned  foods. 

Godden  in  Great  Britain  fed,  on  a  comparable  basis 
(1  )  drained  canned  foods,  (2)  total  canned  foods  (solid 
and  liquid)  and  (3)  home  cooked  foods  from  which 
the  cooking  water  was  discarded.  On  a  basis  of  repro- 

,  c-  F  •  Ffldv  W  H.,  and  Guerin,  Celia  Zall;  Canning  of 
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(luction,  milk  sui)i)ly  and  growth,  the  first  and  last  diets 
yielded  comparable  results  but  the  canned  food  diet  with 
the  lic[uor  included  was  unsatisfactory  because  of  its 
hulkiness.  This  difficulty  is  in  evidence  only  when  too 
much  of  the  diet  is  made  up  with  foods  with  considerable 
liquid.  The  matter  can  readily  he  corrected  by  inclusion 
of  higher  calory  foods  such  as  ])ork  and  beans,  macaroni 
and  cheese,  and  brown  bread,  all  of  which  are  readily 
available  in  canned  form.  Suhsecpiently,  Godden  and 
Thomson  made  many  observations  over  several  gener¬ 
ations  on  canned  and  uncanned  foods  and  found  no 
basis  for  distinguishing  between  the  two. 

A  word  is  in  order  regarding  the  containers  for 
canned  foods.  Daniels  and  Rutherford  claim  better 
vitamin  preservation  in  tin  than  in  glass.  Fellers  and 
Buck  point  out  that  entrapi>ed  oxygen  in  com¬ 
mercially  packed  pureed  peas,  spinach  and  tomato  juice 
may  not  disappear  until  twenty  to  sixty  days  after  being 
packed  in  glass.  Vitamin  losses  occurred  mostly  during 
this  period  and  relatively  little  after  six  months.  Glass 
covers  for  glass  containers  are  of  necessity  dome  shaped, 
and  this  inevitably  entraps  more  air  than  the  cover 
of  the  tin  can.  Commercial  canning  minimizes  this 
entrapped  air  in  glass  canning  by  vacuum  closure,  which 
the  home  canners  cannot  employ. 

It  may  be  added  that  traces  of  entrapped  air  in  tin 
cans  disappear  completely  within  twenty-four  hours  in 
a  plain  can  but  may  persist  for  several  days  in  an 
enameled  can.  This  prompt  disapearance  of  oxvgen  in 
a  tin  can  is  a  consequence  of  the  high  reduction  potential 
of  the  film  of  nascent  hydrogen  with  which  tin  in  con¬ 
tact  with  foods  coats  itself.  This  film  is  of  great  value 
both  in  furnishing  a  reducing  atmos]>here  and  in  furnish¬ 
ing  protection  for  the  tin  against  the  action  of  the  food 
on  it. 


DEHYDRATION 


Dehydration  is  limited  largely  to  a  few  fruits— prunes, 
raisins,  peaches,  apples,  apricots,  figs,  dates  and  the 
like.  Vitamin  C  sufifers  almost  complete  destruction  in 
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most  dehydrated  products.  The  vitamin  C  protective 
effect  of  stilfuring  (to  prevent  darkening  of  the  light 
colored  fruits)  was  shown  by  Morgan,  Field  and 
Nichols.®”  This  same  sulfuring  process  may,  however, 
prove  to  be  as  destructive  to  vitamin  as  it  is  protec¬ 
tive  for  vitamin  C.  When  first  sulfured,  the  fruits  may 
contain  sulfur  dioxide  from  2,500  to  10,000  parts  per 
million.  The  splitting  of  thiamine  into  its  thiazole  and 
]>yrimidine  components  by  sulfur  dioxide  was  the  clue 
to  its  identification.  The  quantitative  determination  of 
thiamine  hy  the  microbiologic  (yeast)  method  has  as  its 
basis  the  complete  splitting  of  its  molecule  by  sulfite. 
Treatment  with,  sulfur  dioxide  is  one  means  of  prepar¬ 
ing  a  vitamin  Bj  free  diet  for  experimental  work. 

Dehydration  of  vegetables,  usually  stimulated  during 
wartime,  bas  not  met  with  a  high  degree  of  satis¬ 
faction  as  yet,  so  far  as  is  reported.  In  most  cases  the 
flavor  changes  are  too  pronounced.  Rancid  and  haylike 
flavors  commonly  develop.  Dehydration  of  eggs  and 
of  milk,  particularly  skim  milk,  is  proving  very  useful, 
and  according  to  recent  reports  this  is  true  also  of 
lean  meat.  Since  moisture  free  butter  fat  stores  well, 


it  makes  possible,  with  dehydrated  skim  milk,  to  have 
reconstituted  milk  suitable  for  many  purposes.  While 
the  nutritive  value  of  dehydrated  vegetables  for  food  for 
human  beings  seems  not  to  have  been  given  especial 
attention,  some  deductions  may  be  made.  Traps  and 
Kemmerer  ””  found  that  when  fish  oils  are  mixed  with 
poultry  feed  from  79  to  100  i^er  cent  of  the  vitamin  A 
is  lost  within  a  month,  daylor  and  Russell*’'  state  that 
dried  and  chopped  alfalfa  hay  stored  in  a  bag  lost  50  per 
cent  of  its  carotene  content  in  three  months  and  the 
remaining  carotene  became  less  potent.  In  this  con¬ 
nection  it  is  interesting  to  note  that  even  in  raw  carrots 
a  tenfold  variation  in  carotene  and  depth  of  color  has 
been  accompanied  by  little  more  than  a  twofold  varia¬ 
tion  in  vitamin  A  potency.  It  is  thus  possible  that 
dehydrated  vegetables  retain  their  vitamin  A  values  but 
poorly,  and  there  is  ample  evidence  that  vitamin  C  is 
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almost  completely  lost.  In  recent  developments,  vege¬ 
tables  are  being  blanched  before  dehydration.  It  is  still 
problematic  what  will  be  the  effect  of  the  blanch. 


MISCELLANEOUS  PROCESSES 

The  distinctly  inferior  nutritive  value  of  bleached 
vegetables  is  not  commonly  realized.  Plant  breeding 
has  produced  firmer  heads  of  lettuce  and  cabbage^  and 
less  green  on  celery,  but  Crist  and  Dye  have  pointed 
out  that  the  green  outer  leaves  are  many  times  richer 
not  only  in  vitamin  A  but  also  in  nearly  all  the  mineral 
elements.  They  are  known  to  be  richer  in  vitamin  C 
also,  and  probably  in  other  vitamins  as  well.  It  is 
fortunate,  therefore,  that  in  recent  years  green  aspara¬ 
gus  for  canning  has  become  more  popular. 

The  legal  standards  for  jellies,  jams  and  preserves 
demand  a  minimum  of  45  pounds  of  fruit  to  55  pounds 
of  sugar.  The  final  product  must  have  a  minimum  of 
65  per  cent  solids  in  the  case  of  certain  fruits  and  68 
per  cent  in  others.  This  makes  it  necessary  to  evapo¬ 
rate  about  10  per  cent  of  the  water  in  the  fruit  in  the 
process  of  making  conserves.  In  commercial  practice 
this  requires  a  relatively  short  time  and  ascorbic  acid 
losses  may  be  10  to  15  per  cent,  and  under  vacuum 
even  less.  There  is  some  evidence  that  the  sugar  has 
a  stabilizing  effect  on  ascorbic  acid.  Further  than  this 
little  information  on  nutritive  value  is  available  except 
that  the  high  sugar  content  makes  the  caloric  value  of 
conserves  overshadow  other  nutrients. 


From  various  foreign  countries  come  reports  of  the 
importance  of  conserves  in  this  emergency  as  vitamin  C 
sources  by  making  possible  the  utilization  of  heretofore 
little  used  items,  chief  of  which  are  rose  hips.  Not 
all  rose  hips  are  rich  in  vitamin  C,  however.  Some  con¬ 
tain  only  a  few  milligrams  of  ascorbic  acid  per  hundred 
grams,  some  are  equal  to  and  others  several  times  as 
rich  as  tomatoes. 

Pyke  and  Melville  list  a  maximum  of  1870  mg.  per 
100  grams  (1.87  per  cent).  Green  walnuts  are  also 
listed  as  a  potent  source  of  vitamin  C,  which,  in  the  form 
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of  their  preserves,  appears  to  be  quite  stable  since  it  is 
re]X)rted  that  preserves  made  in  1940  had  in  August 
WA2  tlie  following  values: 


Green  pickled  walnuts . 

White  pickled  walnuts . 

Walnut  marmalade . 

Walnut  and  black  currant  jam . 

Walnut  and  green  tomato  chutney.... 


1,080  mg.  per  100  Gm. 
1,070  mg.  per  100  Gm. 
630  mg.  per  100  Gm. 
520  mg.  per  100  Gm. 
410  mg.  per  100  Gm. 


During  the  siege  of  Leningrad  many  such  unusual 
sources  of  vitamin  C  were  used,  including  pine  needle 
concoctions.  That  the  antiscorbutic  potency  of  pine 
needles  is  a  recent  discovery  is  erroneous  however. 
V rancis  Parkman  is  authority  for  the  information 
that  the  American  Indian  demonstrated  their  value  in 
this  connection  to  early  French  explorers  400  years  ago. 

Spoilage  is  prevented  in  dehydrated  foods  because 
they  lack  the  water  necessary  for  micro-organisms. 
In  conserves  the  high  sugar  content  makes  the  water 
unavailable  by  osmosis.  Because  of  its  smaller  mole¬ 
cule,  much  smaller  percentages  of  sodium  chloride  will 
preserve  foods,  hut  in  removing  excess  salt  soluble 
food  constituents  are  removed. 

The  hydrogenation  process  has  made  available  for 
human  consumption  much  vegetable  fat.  From  the 
work  of  Hoagland  and  Snider  and  of  Sherman  it 
is  to  be  inferred  that  hydrogenation  lowers  the  digestive 
coefficient  and  that  the  loss  of  unsaturation  causes  inferi¬ 
ority  as  respects  other  nutritive  phases.  That  this  is  of 
any  practical  dietary  significance  is  not  known. 

Ethylene  treatment  of  fruits  is  not  believed  to  influ¬ 
ence  any  nutritional  quality.  It  merely  hastens  processes 
already  taking  place. 

The  baking  of  bread  is  said  by  Hoffman,  Schweitzer 
and  Dalby  to  result  in  a  loss  of  from  5  to  9  per  cent 
of  the  thiamine  content.  This  loss  occurs  largely  in 
the  crust.  Toasting  causes  another  loss,  ranging  from 
1  7  to  24  ner  cent. 
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Meckel report  that  in  some  areas  35%  of  the  Ijread 
is  eaten  as  toast,  while  many  eat  toast  almost  exclu¬ 
sively.  They  give  the  following  losses  for  varying 
toasting  times,  50  second  toast  being  preferred  by  8  out 
of  10. 

There  is  no  evidence  that  fermentation,  as  occurs  m 
the  making  of  sauerkraut,  in  pickling  or  in  wine  making, 
has  a  specific  efifect  on  any  of  the  vitamins ;  nor  are  the 
vitamins  in  any  fermented  product  any  less  subject  to 
adverse  conditions  than  they  are  in  the  unfermented. 

Some  claims  have  been  made  that  salt  has  a  protec¬ 
tive  effect  on  ascorbic  acid  in  cooking  vegetables. 
These  are  based  mainly  on  the  work  of  Hoygaard  and 
Rasmussen  who  cooked  only  three  products  and  those 
in  the  proportion  of  10  grams  in  200  ml.  of  water. 
Their  limited  results  are  insignificant.  Any  evidence 
they  might  indicate  to  some  is  overshadowed  by  the 


Percentage  Thiamine  Loss  in  Toasted  Bread 


White 

White 

Whole 

Seconds 

Unenriched 

Enriched 

Wheat 

30 

9.2 

5.2 

4.0 

50 

19.7 

13.0 

12.5 

70 

31.4 

17.0 

21.0 

results  of  Snow  and  Zilva  who  found  sodium  chloride 
catalysed  the  oxidation  of  ascorbic  acid  to  131%  and 
potassium  iodide  to  178%  over  that  which  occurred 
when  these  salts  were  not  present.  Innumerable  experi¬ 
ments  to  determine  the  destruction  of  ascorbic  acid  in 
cooking  vegetables  have  been  made.  If  salt  had  any 
appreciable  effect  in  practical  vegetable  cookery,  it  is 
to  be  supposed  that  some  investigator  would  certainly 
have  brought  it  out. 


CONCLUSIONS 


Modern  methods  of  food  distribution  supply  us  with 
vegetables  and  fruits  of  numerous  varieties  in  many 
forms.  Vegetation  extracts  minerals  from  the  earth, 
usually  in  suitable  proportions,  and  synthesizes  our 
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vitamin  supply.  Until  subjected  to  heat,  fruit  and  vege¬ 
tables  are  live  tissue  and  as  such  constantly  undergo 
changes,  some  of  which  are  detrimental.  Methods  have 
been  devised  to  limit  such  changes,  but  whether  it  is  for 
storage,  frozen,  dehydrated  or  canned  foods,  there  still 
remains  work  to  be  done  to  ascertain  more  definitely  the 
extent  of  changes  that  take  place  for  each  type  of  com¬ 
modity  under  the  various  conditions  to  which  it  may 
be  subjected  and  to  find  ways  of  minimizing  still  further 
undesirable  changes.  It  is  obvious  even  now  that  to  use 
vegetables  and  fruits  generously  in  our  diets  is  in  accord 
with  our  aims  in  nutrition  today. 


CHAPTER  XVI 


IMPROVING  THE  QUALITY  OE 
CHEAP  STAPLE  FOODS 

GEORGE  R.  COWGILL,  Pn.D. 

NEW  HAVEN,  CONN. 

Discoveries  in  the  science  of  nutrition  over  the  past 
three  decades  have  made  it  possible  to  state  more 
exactly  than  ever  before  the  many  specific  factors  that 
are  essential  for  satisfactory  nutrition.  A  brief  classifi¬ 
cation  of  them  would  include  food  energy,  the  protein 
factor,  essential  fatty  acids,  indispensable  mineral  nutri¬ 
ents  and  the  vitamins.  An  attempt  to  list  individually 
all  the  substances  required  gives  a  total  of  approxi¬ 
mately  forty,  the  exact  number  depending  on  whether 
the  claims  for  the  existence  of  certain  factors  are  to 
be  accepted  or  not.  In  view  of  this  new  knowledge  it 
is  obvious  that  foods  can  now  be  evaluated  in  a  manner 
much  more  precise  and  specific  than  was  ever  possible 
before.  These  recent  discoveries  have  also  included  the 
isolation  and  finally  synthesis  on  a  commercial  scale  of 
several  of  the  vitamins,  thus  making  it  possible  to  add 
these  factors  to  foods.  Such  possibilities  have  naturally 
received  the  attention  of  both  the  food  industry  and 
students  of  nutrition  and  public  health.  On  the  indus¬ 
trial  side  it  has  been  necessary  to  solve  many  technologi¬ 
cal  problems.  Nutritionists,  clinicians  and  governmental 
agencies  faced  with  these  possibilities  have  naturally 
interested  themselves  in  the  formulation  of  principles  to 
be  followed  in  such  addition  of  special  factors  to  foods, 
amounts  to  be  added  and  related  topics. 

I  he  application  of  these  new  discoveries  can  of 
course  result  in  the  production  of  new  foods  that  would 
doubtless  be  classified  for  some  time  at  least  as  novelties 
or  specialties  because  of  their  relatively  high  cost  and 
only  slight  use  by  the  mass  of  the  population.  In  con¬ 
trast  to  this,  and  much  more  important  for  public  health 
and  preventive  medicine,  is  the  application  that  means 
definite  improvement  in  the  quality  of  cheap  staple 
toods  that  occupy  prominent  places  in  the  dietarv  To 
the  extent  that  these  staples,  already  endowed  with  a 
higli  consnnier  appeal  and  acceptance,  can  he  nutri- 


320 


GEORGE  R.  COU'GIIJ. 


tionally  improved,  the  chances  of  incidence  of  diseases 
that  represent  dietary  shortcomings  can  be  reduced 
and  the  cause  of  public  health  thus  advanced.  This 
article  deals  with  the  latter  possibility. 


THE  GRAINS 


Discussions  of  the  foods  that  figure  prominently  in 
various  dietaries  throughout  the  world,  therefore  staple 
foods, ^  usually  deal  with  them  in  terms  of  their  contri- 
hution  to  the  energy  needs  of  the  population.  The 
cheapest  source  of  food  energy  in  the  diets  used 
throughout  the  world  is  the  cereal  grains.  In  the 
United  States  the  two  cheapest  sources  of  calories  are 
cereal  products  and  cane  sugar.  In  southern  China  and 
certain  other  parts  of  the  Orient  rice  is  the  most  eco¬ 
nomical  and  readily  available  food  and  therefore  the 
most  widely  used  cereal.  From  the  standpoint  of 
worldwide  use  rice  comes  first ;  this  cereal  is  eaten  hy 
more  people  than  any  other  member  of  the  cereal  grain 
group.  The  dominant  cereal  used  as  human  food  in 
the  United  States  is  wheat. 

The  greater  keeping  qualities  of  milled  cereals  in 
contrast  to  the  whole  grain,  together  with  the  exigencies 
of  modern  civilized  life  such  as  ease  of  transportation 
over  long  distances,  has  resulted  in  some  degree  of 
milling  of  the  grain  becoming  the  established  custom, 
a  practice  which,  from  the  standpoint  of  nutritive  value 
of  the  material,  means  loss  in  corresponding  degree.  It 
is  not  surprising,  therefore,  that  the  addition  of  essen¬ 
tial  vitamins  and  minerals  to  milled  cereal  products, 
wheat  flour  for  example,  should  have  received  serious 
attention  as  one  of  the  new  possibilities  for  application 
of  modern  nutritional  knowledge  in  the  interest  of  pre¬ 
ventive  medicine.^ 

Interest  in  this  possibility  of  improving  the  nutritive 
value  of  wheat  flour  has  finally  resulted  in  the  estab¬ 
lishment  by  the  Food  and  Drug  Administration  of  the 
federal  government  of  standards  for  eniiched^  flour. 
The  standards  established  in  1941  were  modified  in 
July,  1943.  The  data  given  in  table  1  are  based  on  the 
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1943  amenclnients  to  the  original  order.  Current 
standards  for  enrichment  or  fortification  of  other  foods 
are  also  given  in  this  table. 

Enforcement  of  the  regulation  with  respect  to  enrich¬ 
ment  of  flour  with  riboflavin  has  been  delayed  until  Oct. 
1,  1943  because  of  shortage  of  this  vitamin  owing  to  lack 
of  satisfactory  methods  for  production  of  it  on  a  suffi¬ 
ciently  large  industrial  scale. 

Table  1. — Current  Standards  for  Enriclnnent  fl;;d 
Eortification  of  Foods 


Enriched  White  flours  (Required): 


Thiamine . From  2.0  to  2.5  mg.  per  pound 

Riboflavin . from  1.2  to  1.5  mg.  per  pound 

Nicotinic  acid  (niacin)  or  its  amide . From  16  to  20  mg.  per  pound 

Iron . From  13  to  16.6  mg.  per  pound 

Enriched  White  Flour  (Optional): 

Vitamin  D . From  250  to  1,000  U.  S.  P.  units  per  pound 

Calcium . From  500  to  626  mg.  per  pound 

Wheat  germ . Not  more  than  5  per  cent 


Oleomargarine  Fortified  with  Vitamin  A  (Federal  Register  <» :  2761 
[June  7]  1941): 

Not  less  than  9,000  D.  S.  P.  units  of  vitamin  A  per  pound 
•Milk  Fortified  with  Vitamin  D: 

Council  on  Foods  and  Nutrition  of  A.  M.  A.  approves  milk  contain¬ 
ing  from  135  to  400  U.  S.  P.  units  per  fluid  quart  or  reconstituted 
quart 

Iodized  Table  Salt: 

Council  on  Foods  and  Nutrition  of  A.  M.  A.  accepts  salt  containing 
0.01  per  cent  of  potassium  iodide  or  equivalent  of  sodium  iodide, 
provided  distribution  of  the  iodide  in  the  salt  is  uniform  and  this 
concentration  is  present  after  storage  under  ordinary  conditions. 
Food  and  Nutrition  Board  of  National  Research  Council  also  has 
approved  of  this  standard 


Discussion  of  this  enrichment”  or  fortification  prob¬ 
lem  has  brought  out  many  suggestions  of  principles  and 
tacts  to  be  considered  when  making  additions  of  vita¬ 
mins  and  minerals  to  foods.'"  It  is  pertinent  to  inquire 
whether  a  lack  of  the  dietary  essential  in  question  in  the 
ordinary  diet  of  the  people  is  sufficiently  widespread 
to  justify  the  proposed  addition  of  it  to  appropriate 
foods.  If  no  real  need  for  such  addition  can  be  shown. 


4.  The  Fortification  of  Foods  with  Vitamins  and  a  o 

posium  held  at  the  American  Institute  of  Nutrition  Tor  ♦’  A  Sym- 

22T.26f ’( jSly)  American  Stdu'le^T  N'utriUon"  Qua°r’teri;‘Y7 
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one  may  well  question  the  wisdom  of  it  as  a  socially 
planned  and  directed  move;  its  chief  justification  then 
becomes  a  commercial  one  dependent  for  its  success 
almost  entirely  on  advertising  and  other  promotional 
activities  of  units  of  the  food  industry. 

If  there  are  reasonable  grounds  for  believing  that  a 
serious  deficiency  of  the  dietary  factor  of  interest  does 
exist,  the  question  arises  as  to  the  most  suitable  food 
to  be  “enriched”  or  fortified  with  it.  There  may  be 
rather  general  agreement  as  to  the  class  of  food  to  he 
enriched,  but  it  does  not  necessarily  follow  that  all 
products  in  this  class  should  be  so  treated.  As  an 
example  of  this  situation  consider  macaroni,  which  is 
made  largely  of  wheat  flour.  Macaroni  is  always 
boiled  when  being  prepared  for  the  table,  and  tests 
have  shown  that  such  handling  results  in  loss  of  a  con¬ 
siderable  part  of  added  vitamin  Bj.  Therefore,  even  if 
the  pure  vitamin  can  be  obtained  at  practically  negligible 
cost,  so  that  relatively  large  amounts  more  than  suffi¬ 
cient  to  offset  such  loss  can  be  added,  one  may  well 
question  the  practicality  of  its  addition  to  macaroni.  As 
another  example  one  may  consider  the  fortification  of 
lard  with  vitamin  A.  Since  this  animal  fat  is  widely 
used  in  cooking  and  such  use  results  in  appreciable  loss 
of  the  vitamin,  a  conservative  attitude  toward  the  ques¬ 
tion  of  the  addition  of  vitamin  A  to  lard  is  justified.  In 
the  light  of  these  two  illustrations  it  is  obvious  that  a 
body  of  facts  regarding  the  need  for  various  dietary 
essentials  and  the  probable  supply  in  common  foods  is 
required,  as  well  as  information  of  the  technological  sort 
concerning  the  feasibility  of  the  proposed  addition  to 
any  given  food  product  before  approval  should  be  given 
any  specific  proposal  of  enrichment  or  fortification. 

Concerning  this  question  of  need  for  particular  diet¬ 
ary  factors  by  the  American  people,  numerous  papers 
may  now  be  cited.  Students  of  nutrition  have  long 
agreed  with  Sherman  that  there  is  a  real  likelihood  of 
a  significant  deficiency  of  calcium,  and  therefore  there 
is  justification  for  promoting  wider  use  of  calcium  rich 
foods  like  milk,  milk  products  and  green  leafy  vege¬ 
tables.  There  are  also  reasons  for  believing  that  the 
American  diet  is  not  as  rich  in  thiamine  as  it  should 
be.=  The  testimony  offered  in  the  hearings  held  by  the 
Food  and  Drug  Administration  which  resulted  in  the 
federal  standards  for  enriched  flour  supported  the  view 
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that  the  average  American  dietary  does  not  furnish 
amounts  of  some  essential  vitamins  and  mineials  suffi” 
cient  to  insure  the  public  health.  On  the  basis  of  the 
evidence  they  have  summarized  concerning  the  existence 
of  malnutrition  in  our  population,  Jollifife,  McLester 
and  Sherman  ®  believe  that  such  malnutrition  is  suf¬ 
ficiently  widespread  to  justify  taking  measures  to 
obviate  it. 

VITAMINS  AND  MINERALS 

In  1939  the  Council  on  Foods  and  Nutrition  of  the 
American  Medical  Association  considered  this  general 
question  of  the  addition  of  vitamins  and  minerals  to 
foods  and  adopted  the  following  statement  as  an  expres¬ 
sion  of  its  policy ; 

The  Council  on  Foods  desires  to  encourage  the  restorative 
addition  of,  vitamins  or  minerals  or  other  dietary  essentials, 
in  such  amounts  as  will  raise  the  content  of  vitamin  or  mineral 
or  other  dietary  essential  of  general  purpose  foods*  to  recog¬ 
nized  high  natural  levels ;  with  the  provision  that  such  additions 
are  to  be  limited  to  vitamins  or  minerals  or  other  dietary 
essentials,  jor  zvhich  a  zvider  distribution  is  considered  bv  the 
Council  to  be  in  the  interest  of  the  public  healths 


The  words  that  I  have  italicized  are  particularly  perti¬ 
nent  here,  because  they  state  an  important  limitation 
which  not  only  the  Council  has  adopted,  when  express¬ 
ing  its  approval  of  such  additions,  but  the  Committee  on 
Food  and  Nutrition  (now  Food  and  Nutrition  Board) 
of  the  National  Research  Council  as  well. 

*  In  its  approach  to  this  problem  the  Council  on  Foods 
and  Nutrition  of  the  American  Medical  Association 
deemed  it  advisable  to  express  the  limitations  of  addi- 
Tions'^of  various  factors  to  general  purpose  foods  in 
terms  of  milligrams  per  hundred  calories  and  estab¬ 
lished  such  limitations  with  respect  to  calcium  iron 
thiamine,  riboflavin  and  niacin.  The  values  are  ore- 
sented  in  table  2.  * 


The  Committee  on  Food  and  Nutrition  of  the 
National  Research  Council  expressed  its  views  on  this 
question  m  the  following  resolution : 


•  deficiencies  of  vitamins  and  minerals 

HI  the  diets  of  significant  segments  of  the  population  of  the 

IVe^Sfo^f  H  C.:  The 

6.  Annual  Meeting  of  he  Counc  1  on  Fnna«  t  a  1942. 

(Aug.  19)  1939.  J-  A.  M.  A.  113:680 
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United  States  which  cannot  promptly  be  corrected  by  public 
education  in  the  proper  choices  of  foods,  be  it  resolved  in 
order  to  correct  and  prevent  such  deficiencies : 

1.  That  the  Committee  endorses  the  addition  of  specific 
nutrients  to  staple  foods  (as  indicated  under  6  below)  which 
are  effective  vehicles  for  correcting  the  above  deficiencies  in 
the  diets  of  the  general  population,  or  of  significant  advantage 
of  geographic,  economic  or  racial  segments  thereof ; 

2.  That  the  Committee  ©imposes  the  inclusion  of  additions  of 
specific  nutrients  under  definitions  and  standards  which  may 
be  promulgated  under  the  Food,  Drug  and  Cosmetic  Act, 
except  in  the  case  of  foods  which  constitute  such  effective 
vehicles  of  distribution ; 

3.  That  the  Committee  favors  unequivocally  the  fulfilment  of 
the  nutritional  needs  of  the  people  by  the  use  of  natural  foods 
as  far  as  practicable  and  to  that  end  encourages  education  in 
the  proper  choice  of  foods  and  the  betterment  of  processes 
of  food  manufacturing  and  preparation  so  as  to  more  fully 
retain  the  essential  nutrients  needed  thereto ; 

4.  That,  to  avoid  undue  artificiality  of  food,  the  Committee 
favors,  whenever  practicable,  the  choice,  as  vehicles  for  the 
corrective  distribution  of  vitamins  and  minerals,  of  those  foods 
which  have  suffered  losses  in  refining  processes  and  recommends 
that  the  vitamins  and  minerals  added  to  such  foods  should 
preferably  be  the  kinds  and  quantities  native  therein  in  the 
unrefined  state ; 

5.  That  the  addition  of  other  than  natural  levels  of  vitamins 
and  minerals  to  foods  which  are  suitable  as  vehicles  of  dis¬ 
tribution  may  be  sanctioned  when  more  natural  routes  are 
practically  unavailable  as  ways  to  correct  known  nutritional 
deficiencies ; 

6.  That,  at  present,  the  Committee  favors  appropriate  enrich¬ 
ment  of  flour  and  bread  (and  perhaps  corn  meal),  the  fortifica¬ 
tion  of  milk  with  vitamin  D,  the  suitable  addition  of  vitamin  A 
to  table  fats  and  of  iodine  to  salt  for  dietary  use.  There  is 
no  information  available  to  the  Committee  at  the  present  time 
which  indicates  that  it  is  desirable  for  the  Committee  to  recom¬ 
mend  the  addition  of  vitamins  or  minerals  to  foods  other  than 
those  named ; 

7.  That,  specifically,  the  Committee  opposes  the  addition  of 
synthetic  vitamins  to  carbonated  beverages  and  confectionery. 

From  the  statement  quoted  it  is  evident  that  the  idea 
of  adding  vitamins  and  minerals,  or  other  dietary  essen¬ 
tials,  to  foods  has  been  accepted  sufficiently  to  secure 
official  sanction  in  the  following  cases :  the  appropriate 
enrichment  of  flour  and  bread  (and  perhaps  other  cereal 
products)  with  several  factors,  the  fortification  of  milk 
with  vitamin  D,  of  table  fats  with  vitamin  A,  and  ot 
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table  salt  with  iodine.  To  what  extent  other  additions 
will  finally  acquire  widespread  acceptance  and  then 
official  approval,  only  time  and  the  accumulation  of  new 
data  can  determine. 

W'hen  it  has  been  agreed  that  certain  dietary  essen¬ 
tials  may  well  be  added  to  particular  foods  or  classes 
of  foods,  the  question  arises  as  to  how  much  should  be 
added.  The  discussion  of  this  q:)rol)lem  has  been  most 
interesting  to  follow.  It  has  been  argued  that  a  worth¬ 
while  principle  to  apply  is  that  of  restoration  of  the 
milled  or  processed  food  by  appropriate  addition  of 
dietary  factors  to  give  a  product  approximating  the 
natural  food  source,  whole  wheat  flour  for  example 
as  contrasted  with  highly  milled  white  flour.  This  has 

Table  2. — Important  Food  Values  of  Natural  Grains  and 
Upper  Limits  of  “Restoration”  for  General 
Purpose  Cereal  Foods 

(Council  on  Foods  and  Nutrition,  American  Medical  Association) 


Thia-  Ribo- 

Ca,  Fe,  mine,  flavin,  Niacin, 

Mg.  Mg.  Mg.  Mg.  Mg. 

per  100  per  100  per  100  per  100  per  100 
Product  Calories  Calories  Calories  Calories  Calories 


“Restored”  cereal .  75 

Oornmeal .  7.0 

Oatmeal .  26 

Whole  wheat  flour .  14.8 


1.5 

0.25 

0.10 

0.9 

0.065 

0.05 

0.4 

1.2 

0.24 

0.05 

0.4 

1.4 

0.i:j 

0.07 

1.8 

been  called  the  principle  of  restoration.  Paragraph  4 
of  the  statement  of  the  National  Research  Council 
Committee  is  based  on  this  idea  of  “restoration”  of  the 
milled  product  to  something  comparable  to  the  natu¬ 
ral  one. 

The  following  statement  of  the  policy  of  the  Federal 
Government  with  respect  to  the  addition  of  nutritive 
ingredients  to  foods,®^_  published  July  3,  -1943,  is  of 
interest  in  this  connection : 


Ihe  labeling  or  advertising  of  a  food  as  enriched  with  vita¬ 
mins  and  minerals  IS  an  implied  promise  to  consumers  that  it 
contains,  in  addition  to  the  normal  constituents  of  the  unenriched 
food,  sufficient  vitamins  and  minerals  to  make  a  substantial 
contribution  to  the  nutritional  welfare  of  persons  eating  the 
enriched  food  m  customary  amounts.  In  order  to  prLote 


mem  m r  Agency,  Food  and  F 

foo.k  to  the  addition 

toods,  hederal  Register  8:9170  (July  3)  19, 


Administration.  State- 
nutritive  ingredients  fo 
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honesty  and  fair  dealing  by  fulfilling  this  implied  promise,  it 
is  necessary  that  the  kinds  and  quantities  of  enriching  ingre¬ 
dients  be  determined  in  the  light  of  deficiencies  of  the  various 
nutritional  factors  in  the  diets  of  the  population  in  general  and 
of  significant  population  groups,  the  place  occupied  by  the  food 
in  such  diets,  and  the  suitability  and  effectiveness  of  the  food 
as  a  carrier  of  the  enriching  ingredients  without  undue  separation 
or  loss  before  consumption. 

Honesty  and  fair  dealing  will  best  be  promoted  if  such 
enriched  foods  as  are  made  available  to  consumers  serve  to 
correct  such  deficiencies  and  furnish  a  reasonable  margin  of 
safety.  Enrichment  above  the  levels  required  to  accomplish 
this  end  is  wasteful  and  contrary  to  the  interest  of  most  con¬ 
sumers  ;  nutrient  factors  in  concentrated  form  are  available  for 
use  in  those  special  cases  of  deficiencies  in  the  diets  of  persons 
who  do  not  constitute  significant  population  groups.  Enrichment 
of  foods  with  nutrients  that  are  supplied  in  adequate  quantities 
by  the  diets  of  all  significant  population  groups  is  not  only 
wasteful  but  tends  to  confuse  consumers  as  to  their  nutritional 


needs. 

Knowledge  of  the  roles  in  human  nutrition  of  various  com¬ 
ponents  of  food,  particularly  the  vitamins,  is  incomplete.  There 
is  reason  to  believe  that  as  new  information  is  developed 
food  factors  not  now  recognized  as  essential  may  be  shown  to 


be  necessary  to  adequate  nutrition. 

Most  natural  foods  contain  a  wide  variety  of  needed  factors 
in  significant  amounts.  It  is  highly  probable  that  a  diet  of 
unenriched  foods  so  chosen  as  to  contain  the  required  quantities 
of  the  presently  known  needed  vitamins  and  other  factors  would 
more  nearly  supply  all  needed  factors,  known  and  unknowm, 
than  a  diet  which  is  raised  by  enrichment  to  adequacy  in  the 
vitamins  and  minerals  now  known  to  be  needed. 

Even  though  adequate  nutrition  could  be  better  assured 
through  the  choice  of  natural  foods  than  through  reliance  on 
enrichment,  unenriched  foods  of  the  kinds  and  in  t^e  quantities 
necessary  for  adequate  nutrition  are  not  now  available  to  sub¬ 
stantial  parts  of  the  population  and  are  not  likely  to  be  avaiHH" 
soon ;  nor  are  most  consumers  sufficiently  educated  on  nutritiona 
questions  to  enable  them  to  make  an  intelligent  choice  o 
combinations  of  unenriched  foods  on  the  basis  of  nutritional 


1 1.1 6  S 

Because  of  the  lack  of  adequate  production  of  a  number 
of  foods  high  in  certain  nutrients  and  the  '«!<  of  consut* 
knowledge  of  nutrition,  appropriate  enr.chnient  of  a  fo^ 
widely  consumed  by  the  population  m  general  or  by  Soant 
population  groups  will  contribute  substantia  y  „pptations 
tional  welfare  of  consumers  and  to  meeting  their  ^^P^^at  °ns 
of  benefit.  Enrichment  of  those  foods  which  are  not  a 
stantial  part  of  the  dietary  of  any  significant  group  ten 
confuse  and  mislead  consumers  through  giving  use  to 


CHEAP  STAPLE  POODS 


327 


flicting  claims  of  nutritional  values  and  by  creating  an  exag¬ 
gerated  impression  of  the  benefits  to  be  derived  from  the 
consumption  of  such  foods. 

If  the  customary  process  of  manufacturing  a  staple  food 
refines  it  so  as  to  remove  significant  quantities  of  nutritive 
factors  present  in  the  natural  product  from  which  the  food  is 
made,  and  if  the  refined  food  is  a  suitable  and  efficient  carrier 
of  the  factors  so  removed,  some  nutritionists  advocate  the 
restoration  of  such  factors  to  the  levels  of  the  natural  product 
as  the  most  desirable  basis  of  enrichment.  To  the  extent  that 
restoration  serves  to  correct  deficiencies  of  such  factors,  it 
is  consistent  with  the  promotion  of  honesty  and  fair  dealing 
that  refined  foods  be  enriched  on  a  restoration  basis.  However, 
when  the  evidence  shows  that  the  restoration  levels  are  too  low 
to  correct  deficiencies,  or  that  deficiencies  exist  in  other  factors 
for  which  the  refined  food  is  an  efficient  carrier,  the  promotion 
of  honesty  and  fair  dealing  may  require  the  inclusion  of  cor¬ 
rective  quantities  of  nutritive  factors  in  the  enriched  food  even 
though  such  factors  are  present  in  smaller  quantities  or  wholly 
lacking  in  the  natural  product  from  which  the  food  is  made. 
Similar  considerations  may  require  the  enrichment  of  unrefined 
foods. 


When  a  single  dietary  factor  is  being  considered, 
this  principle  has  much  to  commend  it.  For  example, 
the  processing  of  a  fruit  juice  may  result  in  appreciable 
loss  of  vitamin  C,  and  products  of  this  sort  are  normally 
very  valuable  as  sources  of  this  factor.  The  addition 
of  ascorbic  acid  in  amount  sufficient  to  “restore”  this 
particular  processed  juice  to  approximately  the  highest 
concentration  characteristic  of  the  natural  juice  would 
seem  justifiable.  The  principle  of  restoration  proves 
to  be  unsatisfactory,  however,  when  the  addition  of 
more  than  one  factor  is  being  considered.  In  the  case 
of  ordinary  wheat  flour,  for  example,  the  addition  of 
vitamin  in  amount  sufficient  to  make  the  flour 
approximately  equal  to  whole  wheat  with  highest  natu¬ 
ral  concentration  means  a  significant  addition  of  the 
restorative  sort;  a  restorative  addition  of  riboflavin 
(vitamin  B^)  to  the  flour,  however,  means  very  little 
because  the  cereal  grains  are  not  good  natural  sources 
of  this  factor.  If,  therefore,  riboflavin  is  nevertheless 
to  be  added  to  the  flour  in  significant  amounts,  the 
addition  means  “fortification,”  because  the  enriched 
product  will  contain  even  more  riboflavin  than  is  found 
in  the  natural  whole  grain.  It  will  be  noticed  in  the 

“"discuTse"""""*'' 
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When  several  dietary  factors  are  being  added  to  a 
given  staple  food,  some  in  accordance  with  the  principle 
of  restoration,  others  in  accordance  with  fortification, 
one  is  not  limiting  oneself  to  making  the  staple 
processed  food  as  nearly  as  possible  like  the  natural 
source  but  frankly  modifying  it  to  make  an  entirely 
new  product  to  meet  a  particular  nutritive  situation. 
Enriched  flour  is  the  prime  example  of  this.  In  such 
a  case  it  is  evident  that  the  proposed  addition  of  several 
factors  is  best  made  in  some  relation  to  the  human 
requirement  for  them,  taking  into  account  the  other 
sources  of  supply  available  in  the  dietary  and  other 
pertinent  considerations.  It  may  he  questioned  whether 
there  are  very  many  staple  foods  that  lend  themselves  as 
suitable  vehicles  for  the  wider  distril)ution  and  intake 
of  several  dietary  factors  instead  of  only  one  or  perhaps 
two.  In  view  of  this  there  may  still  be  a  place  for 
operation  of  the  principle  of  restoration  in  the  improve¬ 
ment  of  numerous  processed  foods. 


OTHER  METHODS  OF  IMPROVING  FOODS 


The  foregoing  discussion  has  dealt  with  the  ideas 
that  have  been  advanced  for  improving  staple  foods  by 
what  might  be  called  the  artificial  addition  of  dietary 
factors  lost  as  a  part  of  food  processing.  There  are 
other  ways  of  achieving  the  same  objective  that  should 
be  mentioned.  One  may  select  plant  varieties  on  the 
basis  of  genetic  constitution  and  vitamin  content. ^  It 
is  known  that  varieties  of  wheat  and  other  cereals  differ 
considerably  m  their  respective  contents  of  thiamine. 
Data  bearing  on  this  topic  have  been  summarized  by 
Taylor  ^  and  are  shown  in  table  3.  In  addition  to 
illustrating  the  variation  in  thiamine  content  character¬ 
istic  of  cereal  grains  the  data  in  talile  3  emphasize  a 
point  frequently  forgotten  by  those  who  argue  that 
enrichment  of  flour  is  unnecessary,  that  the  use  of  whole 
grain  flour  is  the  answer  to  the  basic  problem  being 
attacked.  There  is  no  such  thing  as  a  standard  whole 
wheat  flour  with  respect  to  “high  natural  level  of 
thiamine  content.  The  adoption  and  wide  use  ot  a 
standardized  enriched  flour  in  contrast  to  a  nondescript 
unstandardized  whole  wheat  product  has  there  ore  some 
definite  points  in  its  favor. _ 


7.  Taylor,  A.  E,i  Why  Enrichment,  of 
Food  ReLarch  Institute,  Stanford  University  18,77-108  UNov.; 

See  particularly  page  92. 
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Some  staple  foods  of  plant  origin  can  be  nutritive  y 
improved  by  the  adoption  of  special  methods  of  culti¬ 
vation.  At  die  present  time  we  do  not  know  all  that  we 
should  like  to  know  about  the  etfects  of  various  environ¬ 
mental  factors  on  the  vitamin  and  mineial  content  of 
important  plants  that  we  use  as  food.  The  subject  is 
being  actively  investigated.®  ITxposure  to  sunlight,  sup¬ 
ply  of  special  materials  in  the  soil,  water  supply  and 
similar  factors  recpiire  investigation.  A  food  like  the 
potato,  which  remains  in  the  soil  until  harvested,  is 
known  to  reflect  in  its  iodine  content  the  iodine  con¬ 
centration  of  the  soil  and  water.®  In  an  iodine  survey 
of  various  sections  of  the  state  of  South  Carolina  the 

Table  Z.— Thiamine  Content  of  Cereal  Grains  and 
'Types  of  Wheat 


Milligrams  per  Pound  * 


Kind  of  Grain 

Thiamine 

Type  of  Wheat 

Thiamine 

Oats . 

..  2.20-4.90 

Durum . 

, .  2.10-3.80 

Wheat . 

..  1.45-3.80 

Hard  spring . . 

. .  1.45-3.49 

Barley . 

. .  2.58-3.33 

Hard  winter . 

. .  1.G8-2.71 

Corn . 

..  1.85-3.04 

Pacific . 

. .  1.7G-2.44 

Rye . 

..  1.88-2.28 

Soft  red . 

. .  1.79-2.38 

*  Original  data  from  Taylor,''  who  comments  as  follows:  “These 
include  analyses  of  pure  varieties  and  nondescripts  (more  than  random 
samples),  commercial  grades  and  ungraded,  from  good  and  poor  crops, 
stored  for  short  and  longer  periods,  with  different  methods  of  assay. 
The  significance  spreads  cannot  be  as  wide  as  those  given.’’ 


iodine  content  of  potatoes  grown  in  the  respective  areas 
proved  to  be  as  good  a  criterion  of  iodine  supply  as 
analyses  of  water  and  soil.  In  dealing  with  a  shortage 
of  dietary  iodine,  obviously,  then,  one  has  several  possi¬ 
bilities,  namely  (a)  wider  use  of  sea  food,  which  is  an 
excellent  natural  source  of  this  element,  (b)  wide  use  of 
a  root  vegetable  like  the  potato  cultivated  in  an  iodine 


8.  Hamner,  K.  C.;  Lyon,  C.  B.;  Ellis,  G.  H.,  and  Beeson,  K  C  • 
factors  Influencing  the  Nutritive  Value  of  the  Tomato,  Proc.  Am  Inst’ 
Nutrition,  9th  Annual  Meeting,  Federation  Proceedings,  Part  II  No  l’ 
March  16,  1942,  p  189.  Rose,  Mary  S.,  and  Phipard,  Esther’ H.  F.  : 
Vitamin  B  and  G  Values  of  Peas  and  Lima  Beans  Under  Various  Condi- 
tions,  j.  Nutrition  14:  55-67  (July)  1937.  Bonner,  J.,  and  Greene  T.: 

Growth  of  Green  Plants,  Bot.  Gaz  100*  226*237 
1938.  Lilly,  V.  G.,  and  Leonian,  L.  H.:  Vitamin  Bi  in  Soil’ 

-^‘^‘■l^holder,  P.  R.,  and  McVeigh  Ilda- 
Phycomyces  Assa/ Mei&. 
Graphium,  Science  95:127-128  (’jan.^ 30°^l942.^*  ^  Growth  Factor  for 

9.  Hayne,  James  A.:  Endemic  Goiter  and  Its  x  j- 

Content  of  Food,  Am.  J.  P„b.  Health  19:1111  1118  (OcO  19^. 
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enriched  soil  or  water  or  (c)  the  fortification  with 
iodine  of  a  product  such  as  table  salt.  The  first  two 
of  these  possibilities  are  impracticable  for  an  inland  area 
for  obvious  reasons  yet  valuable  procedures  in  coastal 
regions;  the  inland  area  situation  is  more  easily  met 
by  the  use  of  iodized  table  salt. 

Nutritive  improvement  of  foods  of  animal  origin  like 
milk  and  its  derivatives  can  be  achieved  in  accordance 
with  much  the  same  principles.  Milk  is  such  a  valuable 
food  that  nutritive  improvement  of  it  has  not  had  very 
extensive  consideration.  Most  of  the  discussion  of  this 
topic  has  centered  around  the  use  of  fortified  milk  as 
a  means  of  increasing  the  supply  of  vitamin  D  to  grow¬ 
ing  children  and  thus  improving  the  utilization  of  its 
calcium.  Vitamin  D  milk  may  be  obtained  by  direct 
addition  to  the  milk  of  the  vitamin,  or  a  concentrate  of 
it,  with  such  products  dififering  merely  in  the  material 
added ;  such  a  milk  is  obviously  a  “fortified”  one. 
Vitamin  D  may  also  be  added  to  the  milk  through  the 
metabolism  of  the  cow  by  feeding  a  product  like 
irradiated  yeast,  which  contains  the  vitamin,  or  even 
the  vitamin  itself.  This  amounts  to  affecting  the 
environment  in  which  the  milk  is  produced. 

The  addition  of  vitamin  A  to  milk  or  its  fat  derivative 
butter  has  received  some  attention.  The  vitamin  A  con¬ 
tent  of  butter  is  known  to  vary  with  the  season,  being 
low  in  winter  and  high  in  summer.^®  The  development 
of  a  butter  more  uniform  in  vitamin  A  content  is  a 
worthy  objective  of  the  butter  industry  that  has  appar¬ 
ently  had  less  attention  than  it  deserves ;  such  a  product 
would  be  the  logical  one  with  which  to  meet  the  compe¬ 
tition  ofifered  by  vitaminized  oleomargarine.  Vitamin  A 
concentrates  could  of  course  be  added  to  winter  buttei. 
In  view  of  recent  experiments  by  Deuel  and  his  associ¬ 
ates,^^  there  is  presented  the  possibility  of  significantly 
enriching  cow’s  milk  with  vitamin  A  by  feeding  cer¬ 
tain  extremely  concentrated  preparations  of  the  vitamin. 
Improved  feeding  of  cows  during  the  winter  season 
constitutes  another  approach  to  solution  of  this  question. 

From  this  brief  discussion  it  should  be  evident  that 
by  improving  the  quality  of  cheap  staple  foods  it  is 


10.  Dornbush,  A._  C.; 
Carotene  and  Vitamin  A 
1748  (May  4)  1940. 

11.  Deuel,  H.  J.,  Jr.; 
Cornelia,  and  Miller,  A. 


Peterson,  W.  H.,  and  Olson,  F. 
Content  of  Market  Milks,  J.  A.  M. 


R.:  The 
A.  114: 


by  Diet,  J.  Nutrition  32:303  (Sept.)  1941 


Halliday,  Nellie;  Hallman,  Lois  F.; 

T.:  The  Production  of  High  Vitamin  A  Milk 
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possible  to  affect  the  public  health  in  many  important 
ways.  The  success  which  attends  this  method  will 
obviously  depend  on  several  factors.  One  is  the  extent 
to  which  the  consumer  is  made  aware  of  the  values 
of  the  improved  product  when  it  is  in  the  market 
competing  with  the  older  unimproved  but  accepted 
food.  The  solution  of  this  problem  lies  in  consumer 
education,  and  in  this  work  the  physician  can  do 
much  because  of  his  influential  position  in  the  com¬ 
munity.  If  the  improved  product  can  be  given  a 
favored  status  of  some  sort,  its  use  will  of  course  he 
increa.sed.  South  Carolina  and  Louisiana  have  passed 
laws  requiring  all  white  flour  sold  in  their  respective 
domains  to  be  of  the  enriched  variety ;  and  considerable 
attention  is  being  given  in  many  quarters  to  the  enrich¬ 
ment  of  corn  meal  particularly  with  niacin  as  a  means 
of  combatting  pellagra.  Louisiana  has  also  passed  a  law 
requiring  that  all  oleomargarine  offered  for  sale  contain 
\itamin  A.  It  is  possible  that  still  other  states  will 
follow  the  lead  of  South  Carolina  and  Louisiana  in  these 
resi>ects.  This  way  of  achieving  greater  consumption  of 
a  desired  product  has  certain  shortcomings  as  well  as 
advantages.  In  the  case  of  enriched  flour  used  in  these 
Southern  states  the  advantages  are  believed  greatly  to 
outweigh  the  disadvantages,  because  in  enriching  its 
flour  the  milling  industry  has  tended  to  enrich  only  the 
more  expensive  brands ;  it  is  especially  important  that 
the  enriched  flour  be  used  extensively  by  the  lower 
income  groups  of  the  population  who  have  the  least 
money  to  pay  for  the  improved  product.  It  is  to  the 
credit  of  the  milling  industry  that  it  has  sought  to  bring 
about  by  voluntary  means  the  enrichment  of  all  its  staple 
flour  by  every  unit  of  the  industry.  The  enactment  of 
laws  to  solve  problems  always  ix)ses  of  course  some 
additional  problems  of  effective  enforcement  and  the 
like;  whether  a  law  will  be  readily  accepted,  no  matter 
how  desirable  it  may  be  from  a  strictly  scientific  point  of 
view,  depends  on  a  sufficient  number  of  the  people  being 
properly  informed  and  convinced  of  its  value.  Thus  we 
are  brought  around  once  more  to  the  fact  that  the  funda¬ 
mental  solution  of  our  basic  problem  lies  in  effective 
education  of  the  general  public  with  respect  to  the 
principles  of  nutrition,  food  values  and  related  topics. 
Given  the  proper  education  in  these  matters,  the  general 
puhhc  will  naturally  prefer  more  and  more  the  improved 
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Staple  foods  over  those  that  are  not  improved ;  the 
extent  to  which  this  occurs  will  very  largely  determine 
the  role  that  this  particular  application  of  modern 
knowledge  in  nutrition  plays  in  promoting  the  public 
health. 


CMAPTl^R  XVII 


PRO  )iMMEXl)l<:i)  DIETARY  ALLOW  ANCES 

FOOD  AND  NUTRITION  BOARD,  NATIONAL 
RFSEARCH  COUNCIL 

Dietary  standards  to  serve  as  a  tfoal  for  good  nutri¬ 
tion  and  'as  a  "yardstick”  by  which  to  measure  progress 
toward  that  goal  have  long  been  needed.  In  1935  the 
League  of  Nations  made  a  concerted  groui)  effort  to 
formulate  such  a  yardstick,  (due  of  the  first  concerns 
of  the  Eood  and  Nutrition  Board  (formerly  the  Com¬ 
mittee  on  Food  and  Nutrition  of  the  National  Research 
Council),  established  in  1940  tt)  advise  on  nutrition 
])rohlems  in  connection  with  National  Defense,  was  to 
define  in  accordance  with  newer  information  the  recom¬ 
mended  daily  allowances  for  the  various  dietary  essen¬ 
tials  for  people  of  different  ages. 

The  difficulty  in  such  an  undertaking  lies  in  the  lack 
of  sufficient  experimental  evidence  on  which  to  estimate 
requirements  for  the  various  nutrients  with  any  great 
degree  of  accuracy.  Judgments  as  to  requirements  are 
necessarily  based  on  incomplete  and  often  conflicting 
reports  of  research  and  clinical  observations  and  on  data 
derived  from  work  on  animals.  Experiments  with  the 
various  vitamins  also  differ  with  regard  to  procedure 
and  interpretation.  These  variables  explain  the  wide 
(hvergence  in  "requirements”  as  set  forth  in  current 
literature  on  nutrition. 

In  view  of  the  confusion  cau.sed  by  this  great  varia¬ 
tion  in  standards  used,  it  seemed  desirable  to  attenqit 
to  derive  a  table  of  allowances  which  would  represent 
the  best  available  evidence  on  the  amounts  of  the  various 
nutritive  e.ssentials  to  include  in  practical  diets.  Whth 
this  aim  in  view,  the  literature  on  the  subject  of  each 
of  the  dietary  essentials  was  critically  apjiraised,  and  in 
addition  judgments  as  to  the  various  requirements  were 
■solicited  from  a  considerable  number  of  nutrition  author¬ 
ities  in  addition  to  members  of  the  Board,  especiallv 
those  whose  research  bore  particularly  on  the  problem. 

"  ""  Board  ot  ,h= 
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On  the  basis  of  this  evidence  tentative  allowances  were 
formulated.  These  were  resubmitted  to  contributors  for 
criticism  and  reformulated  in  the  light  of  the  comments 
made.  The  values  thus  revised  were  presented  before  a 
section  meeting  of  the  American  Institute  of  Nutrition 
in  1941  and  members  invited  to  submit  further  evidence 
for  any  changes  that  seemed  indicated.  After  final  dis¬ 
cussion  and  some  minor  revisions  they  were  adopted  by 
the  Board  in  May  1941.  The  values  as  presented  thus 
represented  the  combined  judgment  of  more  than  fift>' 
persons  qualified  to  express  an  opinion  on  the  subject. 
This  does  not  mean,  of  course,  that  every  contributor 
would  fully  agree  with  all  the  figures  as  given.  It  does 
mean,  however,  that  the  values  are  ones  they  were 
willing  to  accept  tentatively,  until  standards  derived 
from  more  extensive  and  exact  research  data  can  be 
obtained.  The  term  “Recommended  Allowances”  rather 
than  “Standards”  was  adopted  by  the  Board  to  avoid 
any  implication  of  finality. 

In  using  these  recommendations,  it  is  important  that 
the  purpose  and  general  policies  in  formulating  them 
should  be  understood : 

WHAT  THE  ALLOWANCES  PROVIDE 

The  allowances  for  specific  nutrients  are  intended  to 
serve  as  a  guide  for  planning  adequate  nutrition  for 
the  civilian  population  of  the  Tnited  States.  The  quan¬ 
tities  given  were  planned  to  provide  not  merely  the 
minima  sufficient  to  protect  against  actual  deficienc) 
disease  but  a  fair  margin  above  this  to  insure  good 
nutrition  and  protection  of  all  body  tissues.  Since  the 
actual  requirements  for  these  purposes  are  not  known 
it  is  recognized  that  the  margins  of  safety  may  varv 
considerably  for  the  different  factors.  The  Board  real" 
izes  that  the  values  proposed  will  need  to  be  revised 
from  time  to  time  as  more  knowledge  of  nutritive 
requirements  becomes  available. 

NO  ALLOWANCES  FOR  LOSSES  IN  COOKING 

It  should  be  pointed  out  that  the  vitamin  figures  are 
calculated  requirements  for  food  as  eaten  and  do  not 
allow  for  losses  in  cooking.  Since  such  losses  may  be 
extensive,  especially  of  the  water-soluble  vitamins,  pro 
vision  should  be  made  for  them  in  planning  practical 

dietaries. 


Table  1. — Recommended  Dietary  Allowances  * 
Food  and  Nutrition  Board,  National  Research  Council 
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OTHER  FACTORS  FOR  WHICH  ALLOWANCES 
ARE  NOT  GIVEN 

Tn  addition  to  the  three  factors  of  the  B  complex 
included,  other  members  of  the  group,  such  as  vitamin 
B,i  and  pantothenic  acid,  should  he  given  consideration. 
But  at  the  present  time  no  specific  values  can  be  given 
for  the  amount  required  in  the  human  dietary.  It  should 
he  added,  however,  that  foods  supplying  an  adequate 
amount  of  thiamin,  riboflavin,  and  niacin  (nicotinic 
acid  )  will  tend  to  supply  an  adequate  amount  of  the 
remaining  B  vitamins.  Similarly  diets  ])roviding  ade- 
ciuate  amounts  of  protein,  calcium  and  iron  will  tend 
to  supply  (jther  needed  minerals,  though  these  are  not 
listed,  ddiere  is  urgent  need  for  continued  research  on 
the  requirements  for  all  dietary  essentials,  especially 
for  children. 

ALLOWANCES  BASED  ON  AVERAGE  SIZE,  SEX  AND 
ACTIVITV  FOR  NORMAL  INDIVIDUALS 

The  allowances  for  adults  are  given  for  the  70  Kg. 
man  and  the  56  Kg.  woman  at  three  levels  of  activity, 
'fhey  will  need  to  be  proportionately  increased  or 
decreased  for  larger  or  smaller  individuals.  It  will  be 
noted  that  the  allowances  for  thiamin,  riboflavin  and 
niacin  (nicotinic  acid)  are  proportional  to  the  caloric 
intake,  ddiis  relationship  has  been  established  for 
thiamin,  luul  it  has  been  assumed  to  hold  also  for  ribo¬ 
flavin  and  nicotinic  acid  since,  like  thiamin,  they  are 
part  of  the  enzymic  system  involved  in  the  metabolism 
of  carbohydrate. 

The  allowances  for  children  are  given  liy  age  groups, 
and  for  boys  and  girls  separately  after  12  years,  since 
from  that  age  the  growth  curves  and  levels  of  activity 
for  the  two  sexes  differ.  1  he  values  piesented  aie  in 
each  case  for  the  middle  year  m  the  gioup,  and  re]i 
resent  amounts  needed  for  children  of  average  size  and 
activity.  The  needs  for  individual  children  may  be  pro¬ 
portionately  larger  or  smaller  depending  upon  size  and 

activity. 

It  is  to  be  understood  that  these  allowances  are  foi 
persons  in  health,  and  that  needs  may  vary  markedly 
in  disease.  For  example,  in  febrile  conditions  there  is 
usually  an  increased  need  for  calories,  thiamin  and 
ascorbic  acid.  The  need  for  these  or  other  constituents 
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may  also  be  greatly  altered  in  other  diseases,  especially 
those  of  the  alimentary  tract,  which  interfere  with 
normal  absorption. 

SLIGHT  CHANGES  IN  1941  ALLOWANCES 

Recommendations  as  adopted  in  1941  remain  substan¬ 
tially  unchanged  at  this  writing— approximately  two 
years  after  the  initial  compilation  of  data. 

Consideration  has  been  given  to  three  more  nutrients 
not  covered  in  the  original  recommendations.  1  hey  are 
iodine,  co])])er  and  vitamin  ,K.  Recommendations  for 
these  suhstances  are  now  included  fttr  the  lirst  time  in 
this  summary. 

DIET  PLANS  THAT  MEET  THE  DIETARY 
ALLOWANCES 

In  using  the  recommended  allowances  it  should  be 
emphasized  that  the  amounts  of  the  various  nutrients 
provided  for  in  these  recommended  allowances,  with 
the  exception  of  vitamin  I)  can  be  obtained  through  a 
good  diet  of  natural  foods  including  foods  like  enriched 
white  flour  and  bread  which  have  been  improved 
according  to  recommendations  of  the  Board. 

1  he  safest  way  to  insure  that  the  dietarv  allowances 
are  met  is  to  include  certain  foods  in  the  diet  daily  in 
specified  amounts.  ( )ne  dietary  pattern  which  contains 
a  variety  of  foods  commonly  available  is  given  below; 

List  I 


. 1  pint 

. 1  daily,  if  possible.  (On  days  not 

used,  beans,  peanuts,  cheese,  or  more 
milk  or  meat  to  be  used  instead) 

Meat,  lisb  or  fcjwl . 1  or  more  servings 

Potato  . 1  oi‘  more 

\''egetables  . 2  or  niore  servings.  One  green  or 

yellow 

. 2  or  more.  One  citrus  fruit  or  tomato 

or  other  good  source  of  vitamin  C 
Cereals  and  bread . Whole-grain  or  enriched 


Other  foods  as  needed  to  complete  the  meals 

This  hst  IS  based  on  the  needs  of  the  average  adult, 
bor  children  the  milk  needs  to  be  increased  but  the 
kinds  of  foods  to  include  remain  the  same. 
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Another  list  using  less  milk  and  lean  meat  is  given 
as  illustrative  of  the  varied  ways  in  which  the  allow¬ 


ances  may  be  met. 

List  II 

Turnip  greens  . 1  cup 

Sweet  potatoes  . 3 

Peanuts . 20  nuts  or  2  tablespoons  of  peanut 

butter 

Beans  or  cowpeas . oz. 

Tomatoes  . 1  cup 

Corn  meal  . 3  oz. 

Enriched  flour . 3  to  4  oz. 

Milk  (fresh,  evaporated 
or  dried)  . Vs  pt. 

Lean  pork  . small  serving  3  to  4  times  a  week 


Molasses,  fat,  etc.,  to  complete  the  meals 

Calculations  show  that  both  these  lists  meet  the 
dietary  allowances.  It  should  he  pointed  out,  however, 
that  every  food  is  needed  in  the  amounts  specified. 
If  any  food  is  omitted,  therefore,  it  should  be  replaced 
by  another  of  equal  value. 

There  are  many  other  combinations  of  foods  that 
will  also  cover  these  allowances.  It  is  expected  that 
nutrition  workers  in  various  parts  of  the  country  will 
translate  these  allowances  into  appropriate  quantities  of 
foodstuffs  available  in  their  localities  and  suited  to  the 
income  level  of  the  group  concerned.  Such  allowances, 
expressed  in  terms  of  everyday  foods,  can  then  be 
widely  used  in  practical  nutrition  work. 


CHAPTER  XVIII 


THE  FEEDING  OF  HEALTHY  INFANTS 
AND  CHILDREN 

PHILIP  C.  JEANS, -M.D. 

IOWA  CITY 

THE  FEEDING  OF  INFANTS 

Hunian  milk  commonly  is  considered  the  ideal  food 
for  the  young  infant,  presumably  supplying  all  nutri¬ 
tional  essentials  for  the  early  period  with  the  exception 
of  adequate  vitamin  D.  When  human  milk  is  not 
available,  cow’s  milk  is  the  material  most  commonly 
used  in  substitution.  It  seems  desirable  to  review  the 
comparisons  of  these  two  foods  as  to  their  contents  of 
various  nutritional  essentials  and  their  effects  on  the 
growth  and  body  composition  of  the  infant.  Compara¬ 
tive  contents  of  the  two  milks  are  shown  in  tables  1 
and  2. 

The  protein  requirement  of  the  infant  commonly  is 
stated  on  the  basis  of  the  average  amount  received  in 
human  milk  when  he  is  making  good  growth  progress. 
The  amount  of  protein  received  by  the  young  infant 
under  these  circumstances  is  2  to  2.5  Gm.  for  each 
kilogram  of  body  weight.  Acceptance  of  the  concept, 
not  clearly  proved,  that  human  milk  protein  is  bio¬ 
logically  superior  to  cow’s  milk  protein  by  a  factor 
approximating  20  per  cent  makes  the  requirement  of 
the  young  infant  for  cow’s  milk  protein  2.5  to  3  Gm. 
for  each  kilogram.  It  is  a  common  practice  to  supply 
the  young  artificially  fed  infant  with  at  least  IJ/^  ounces 
of  milk  for  each  pound  of  body  weight.  This  amount  is 
equivalent  to  100  cc.  for  each  kilogram  and  a  protein 
intake  of  3.4  Gm.  for  each  kilogram,  an  amount  in 
excess  of  the  theoretical  requirement  as  based  on  the 
assumed  requirement  for  human  milk.  Many  pedia¬ 
tricians  prescribe  even  larger  quantities  of  milk. 

Observations  have  been  made  on  the  effect  of  inges¬ 
tion  of  the  larger  quantities  of  cow’s  inilk  in  comparison 
with  the  effects  of  feeding  human  milk.  In  chart  1  are 
shown  the  percentages  of  nitrogen  content  of  infants 
when  they  are  given  these  two  types  of  food.  After 
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birth  the  percentage  of  nitrogen  content  of  babies 
receiving  cow’s  milk  increases  in  a  curve  smoothly 
continuous  with  the  curve  of  prenatal  content  '  and  in  a 
manner  comparable  to  the  curve  predicted  by  Moulton  ■ 
for  the  fat  free  animal  body.  On  the  other  hand,  when 
human  milk  is  fed,  a  sharp  change  in  direction  of  the 
curve  of  percentage  composition  occurs  after  birth  and 
for  a  time  the  proportion  of  nitrogen  in  the  body 
remains  at  the  birth  level  or  decreases  slightly.^ 

Somewhat  similarly  to  the  body  content  of  nitrogen, 
the  percentage  calcium  content  of  the  body  diflfers  after 

Table  2. — Approximate  Vitamin  Content  of  Human  and 

Cow’s  Milk 

Values  for  Each  Hundred  Grains  or  Cubic  Centimeters 


Total  A, 

D, 

o, 

Thiamine, 

Riboflavin, 

Niacin, 

I.  U. 

I.  U. 

Mg. 

Mg. 

Mg. 

Mg. 

Human  milk. . 

.  00-500 

0.4-10 

1.2-10.8 

0.002-0.030 

0.015-0.08 

0.1 

Average . 

.  250 

6.4 

0.013 

0.04 

Cow’s  milk _ 

.  80-220 

0.3-4.4 

1.1-2.9 

0.018-0.075 

0.10-0.26 

0.07-0.15 

Average  raw. . 

.  180 

2.0 

0.045 

0.20 

0.10 

Past . 

.  No  loss 

No  loss 

0.9-1.4 

0.030-0.040 

No  loss 

Evap . 

Reconst . 

1  No  loss 

No  loss 

0.0 

0.20«-0.030 

No  loss 

*  After  several  months’  storage. 

N.  B.:  Pantothenic  acid,  cow’s  milk,  average  0.25-0.40  mg.  for  each 
hundred  cubic  centimeters.  (Elvehjem.i''  Jukes,  T.  H.;  The  Distribution 
of  Pantothenic  Acid  in  Certain  Products  of  Natural  Origin,  J.  Nutrition 
-1  :  193-199  [Feb.]  1941).  Pyridoxine,  cow’s  milk,  0.13-0.20  mg.  for  each 
hundred  cubic  centimeters  (Elvehjem.i’  Henderson,  LaVell  M.;  Wais- 
man,  H.  A.,  and  Elvehjem,  0.  A.,  ibid  21  :  589-598  [June]  1941):  human 
1  cc^tent  approximately  the  same  as  that  of  cow’s  milk  (Gyorgy, 
Paul:  Quantitative  Estimation  of  Lactoflavin  and  of  Vitamin  Bd  in 
Human  Milk,  Proc.  Soc.  Exper.  Biol.  &  Med.  S."  :  204- 
I  ^.Hiotin,  cow’s  milk,  average  0.001-0.004  mg.  for  each 

Imndred  cubic  centime  ers  fLampen,  J.  O.;  Balder.  G  P..  and  Peterson. 
W.  H.:  J.  NutHtion  23:11-21  [Jan.]  1942.  Shull,  G.  M.;  Hutchins.  B.  L 

'l42f9l3.92o”’[mf  1944)^'^*^°*’'*^  Hiol.  Chcni. 


birth  with  human  and  cow’s  milk  feeding.^  As  shown 
in  chart  2.  a  decrease  occurs  with  both  types  of  feeding 
for  several  weeks  after  birth,  after  which  period  the 
body  content  with  cow’s  milk  feeding  starts  to  rise, 
while  that  with  human  milk  feeding  continues  to  fall  for 
several  weeks  more  and  probably  does  not  reach  the 
birth  value  before  the  baby  is  1  year  of  age.  The  cal¬ 
cium  of  human  milk  is  used  more  efficiently  than  that 
of  cow’s  milk,  but  the  total  retention  from  cow’s  milk 


1.  Stearns, 
Physiol.  Rev. 

2.  Moulton, 
J.  Biol.  ('hem. 


TjSi »'  Normal  Infant,. 

in  Mammals, 


342 


PHILIP  C.  JEANS 


is  far  greater  because  of  the  larger  quantity  fed.  The 
calcium  retention  of  the  baby  fed  cow’s  milk  is  as  great 
as  or  greater  than  the  intake  of  the  breast  fed  baby. 

The  significance  of  these  various  differences  in  body 
composition  of  the  infant  is  not  clear.  One  interpreta¬ 
tion  could  be  that  a  wide  range  of  normal  exists  and  that 
these  differences  are  of  no  significant  importance.  The 
period  of  time  during  which  these  differences  exist  is 
relatively  short  compared  with  the  life  span.  The  dif¬ 
ferences  disappear  soon  after  the  differences  in  diet 
cease  to  exist.  While  this  point  of  view  may  be  accept¬ 
able  for  the  habv  born  at  term,  it  seems  inappropriate 


for  the  baby  born  prematurely,  at  least  as  concerns 
calcium.  The  chief  reason  the  prematurely  born  baby 
is  highly  susceptible  to  rickets  appears  to  be  the  low 
calcium  content  of  the  body  at  birth  and  the  d'®™  - 
of  supplying  sufficient  of  this  materml  after  birtln 
Human  milk  cannot  be  ingested  in 
to  supply  the  calcium  need  unless  it  is  or  i  e^ 
pleinented  with  calcium  or  a  calcium  containing  ^ 
In  explanation  of  the  high  calcium  con  en  o 
baby  fed  cow’s  milk  as  compared  with  the  baby  fe 
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human  milk,  and  perhaps  with  the  justifiable  concept 
that  human  milk  is  the  ideal  food,  the  idea  has  been 
advanced  that  the  baby  fed  cow’s  milk  is  supermineral- 
ized.  Eliot  and  Park  ^  interpreted  the  results  of  their 
study  of  the  bones  of  newborn  babies  as  indicating  that 
calcium  is  present  in  sufficient  amount  to  represent 
storage.  This  interpretation  was  accepted  by  Hamilton,* 
who  expressed  the  belief  that  the  relative  calcium  loss 
in  early  infancy  represents  utilization  of  stores  and  is 
normal.  After  3  months  of  age  the  rate  of  percentage 
of  calcium  increase  in  the  body  when  cow’s  milk  is  fed 


Chart  2.— Changes  in  relative  calcium  content  of  fetus  and  infant. 
1  he  regression  line  of  calcium  content  of  fetus  is  drawn  from  data  in 
the  literature.  C.  M.,  infants  fed  cow’s  milk;  H.  M.,  infants  fed  human 
miijc;  I'rem.  prematurely  born  infants  fed  human  milk.  (From  Stearns’ 
by  permission  of  Physiological  Reviews,  Inc  ) 


parallels  the  fetal  rate,  a  condition  which,  if  it  does  not 
represent  physiologically  normal  growth,  at  least  pro¬ 
duces  storage.  Storage  to  this  extent  certainly  is  not 
harmful,  and  it  may  well  be  considered  useful  during 
periods  of  illness  when  calcium  utilization  is  impaired 
1  he  rate  of  calcium  increase  after  3  months  of  age  for 


3.  Eliot,  Martha  M.,  and  Park  F  A  •  •  t. 

System  of  Pediatrics,  Hagerstown,  Md  W  ^Pri’«r'"r 

vol.  1,  chapter  36.  ’  ’  '  Company,  1938, 

AcU  Metabolism  of 
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the  baby  fed  cow’s  milk  is  similar  to  the  rate  of  increase 
of  the  ash  content  of  the  fat  free  animal  body  as  pre¬ 
dicted  by  Moulton.- 

Linear  growth  of  babies  fed  a  standardized  cow’s 
milk  formula  is  related  to  the  amount  of  calcium 
retained.®  The  differing  retentions  with  the  standardized 
diet  are  obtained  by  varying  the  vitamin  D  intake. 
Babies  with  poor  retentions  grow  at  average  or  less 
than  average  rates,  while  those  with  higher  retentions 
grow  at  rates  greater  than  average.  Thus  the  higher  cal¬ 
cium  retentions  would  appear  to  be  definitely  advan¬ 
tageous  to  the  artificially  fed  infant.  On  the  other  hand 
the  breast  fed  baby  has  excellent  linear  growth  despite 
the  much  lower  calcium  retention  and  grows  at  a 
definitely  greater  rate  than  the  artificially  fed  baby  with 
the  same  calcium  retention.®  It  becomes  obvious  from 
these  and  other  facts  that  factors  other  than  those  under 
consideration  enter  into  the  rate  of  growth  and  that 
probably  it  is  inappropriate  to  state  requirement  stand¬ 
ards  for  the  artificially  fed  baby  based  on  the  require¬ 


ment  of  the  baby  fed  human  milk.  * 

The  greater  nitrogen  retention  of  the  artificially  fed 
baby  must  of  necessity  represent  larger  amounts  of 
tissue  protein  in  the  body,  since  nitrogen  is  not  stored  in 
any  other  fashion.  The  larger  part  of  the  inciease  in 
tissue  protein  is  represented  in  increase  in  muscle  mass. 
Babies  who  are  fed  cow’s  milk  in  the  larger  of  the 
customary  quantities  have  approximately  25  per  cent 
more  muscle  mass  than  babies  breast  fed.;  This  increase 
takes  place  soon  after  artificial  feeding  is  started,  after 
which  time  the  muscle  mass  maintains  a  fairly  constant 
relationship  to  the  total  body  weight.  Thus  the  muscle 
masses  of  breast  fed  and  artificially  fed  babies  increase 
in  a  parallel  manner,  but  with  larger  values  for  those 
receiving  cow’s  milk.  No  disadvantage  seems  to  accrue 
to  the  breast  fed  baby  because  of  the  lesser  amount  ot 
muscle  On  the  other  hand  nitrogen  retentions  ot  the 
artificially  fed  haby  of  the  saine  order  of  magnitude 
as  those  of  the  breast  fed  baby  are  associated  with 


S.  Stearns,  Genevieve; 

Effect  of  Vitamin  D  on  Linear  Growth  m  lntancy.^j  ^  ^  Cooley, 

(July)  1936.  Slyker,  Francis;  fiamil,  ^'etween  Vffamin  D  Intake  and 
T.  B.,  and  Macy,  Icie  G.:  ®  er.  Biol.  &  Med.  37:499-502 

Linear  Growth  in  Infants,  Froc.  ooc.  i 

(Dec.)  1937.  Jeans  and  Stearns.*"  TTnnnhlished  data. 

^  6.  Jeans.  P.  C.,  and  Stearns  Genevieve  Unpubhshed^a 

7.  Catherwood,  Ruth,  ‘-ind  Stearns,  Ge^ev^e  .  4  ,937 

inine  Excretion  in  Infancy,  J.  Biol.  t.  ncm. 
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poorer  tissue  turgor  and  poorer  motor  development  than 
are  shown  by  artificially  fed  babies  receiving  the  larger 
amounts  of  cow’s  milk  and  having  higher  nitrogen 
retentions.  If  these  observations  are  correct,  cow’s  nifih 
formulas  devised  to  simulate  human  milk  in  composition 
are  not  as  useful  as  are  formulas  containing  larger 
amounts  of  protein  and  calcium. 

The  phosphorus  content  of  the  body  and  the  phos¬ 
phorus  requirement  depend  on  the  amounts  of  calcium 
and  nitrogen  retained.  Consequently  the  requirement  of 
the  baby  receiving  cow’s  milk  is  somewhat  greater  than 
that  of  the  infant  fed  human  milk,  d  he  phosphorus 
content  of  human  milk  is  much  less  than  that  of  cow’s 
milk,  but  human  milk  contains  an  amount  sufficient  to 
meet  the  needs  of  the  infant  relative  to  the  amounts  of 
nitrogen  and  calcium  retained.  Cow’s  milk  contains 
an  excess  to  the  extent  that  much  more  phosphorus  is 
absorbed  than  can  be  used,  the  excess  being  excreted 
chiefly  in  the  urine.  Little  or  no  phosphorus  is  excreted 
in  the  urine  of  the  breast  fed  baby,  whereas  in  the 
artificially  fed  baby  60  to  70  per  cent  of  the  total  excre¬ 
tion  is  by  way  of  the  urine.  The  baby  seems  to  accom¬ 
plish  the  increased  excretion  without  difficulty  or 
damage. 

Human  milk  is  superior  to  cow’s  milk  as  a  source  of 
iron.  Though  human  milk  contains  only  from  0.5  to  1.5 
mg.  of  iron  to  the  liter,  it  contains  on  the  average  three 
times  as  much  as  does  cow’s  milk.  The  iron  stores 
of  the  body  of  the  baby  at  birth  are  sufficient  to  permit 
maintenance  of  a  normal  hemoglobin  level  for  several 
months,  after  which  time  additional  iron  is  necessary. 
After  3  months  of  age  with  customary  cow’s  milk- 
formulas  the  iron  retention  is  variable,  but  averages 
approximately  zero ;  when  human  milk  is  fed,  the 
average  retention  is  approximately  0.11  mg.  Neither  of 
these  iron  intakes  is  satisfactory,  for  a  retention  of  at 
least  0.7  mg.  is  required  after  6  months  to  maintain 
the  hemoglobin  level.^  Without  additions  the  body  of 
the  baby  becomes  progressively  poorer  in  iron.  The 
iron  content  of  human  milk  and  its  utilization  are  such 
that  nutritional  anemia  is  much  slower  to  develop  in 
the  breast  fed  baby  than  in  the  artificially  fed  baby 
when  no  iron  supplement  is  given.  ^ 


8.  Stearns,  Genevieve,  and  StitiRer, 
Infancy,  J.  Nutrition  13:  127-141  (Feb.) 


Iron  Retention  jn 


PHILIP  C.  JEANS 


34() 


Many  times  in  the  past  the  question  has  arisen 
whether  the  infant  needs  vitamin  A  in  addition  to  that 
present  in  a  customary  diet  and  without  the  use  of  any 
of  the  fish  liver  oils.  In  the  light  of  present  knowledge 
of  the  requirement  of  the  infant  for  vitamin  A,  the  Food 
and  Drug  Administration  has  set  the  minimum  require¬ 
ment  at  1,500  units  daily  and  the  Food  and  Nutrition 
Board  of  the  National  Research  Council  has  recom¬ 
mended  the  same  amount  as  a  suitable  allowance.  For 
a  baby  1  year  old  this  amount  is  greater  than  that  com¬ 
puted  as  optimum  on  the  basis  of  weight  from  animal 
experiments  when  all  the  vitamin  A  is  ingested  as 
carotene.  Thus  the  amount  suggested  appears  to  l)e 
ample  even  if  supplied  wholly  by  carotene.  Computation 
shows  that  the  required  amount  of  vitamin  A  is  sup¬ 
plied  by  milk  alone,  either  human  ®  or  bovine,^®  if  it  is 
of  average  content.  In  the  early  months  the  breast  fed 
baby  receives  more  vitamin  A  than  does  the  baby  fed  a 
cow’s  milk  formula  prepared  by  dilution.  In  addition 
to  the  vitamin  A  of  the  milk  the  early  addition  of  orange 
juice  makes  a  small  contribution  and  the  subsequent 
additions  of  egg  yolk,  vegetables  and  fruits  permit  an 
intake  of  vitamin  A  well  above  the  requirement.  Clini¬ 
cal  observations  also  have  shown  that  babies  receiving  a 
normal  standard  diet  grow  equally  well  whether  or  not 
they  receive  additional  vitamin  A  in  fish  liver  oil." 
Thus  for  the  average  baby  the  important  contribution 


of  fish  liver  oil  is  vitamin  D. 

The  ascorbic  acid  content  of  human  milk  varies 
directly  with  the  intake  of  the  mother  but  in  general 
is  relatively  large  in  comparison  with  the  content  of 
prepared  cow’s  milk.  An  approximate  average  content 
of  human  milk  in  this  country  is  60  mg.  to  the  quart, 
whereas  a  cow’s  milk  formula  prepared  by  boiling  and 

9  Friderichsen  C.,  and  With,  T.  K.:  Ueber  den  Gehalt  der  Frauen^ 
milch  an  Karotinoiden  und  ^-Vitamin,  besonders  in  bezug  auf  se 
v.„  K». 
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Colostrum  and  Milk,  Biochem.  J.  34.724-735  (May)  W  0.^ 

10.  Dornbush,  A.  C.;  Peterson  W  H.,  and  (Dlson,  F.  R-* 
tene  and  Vitamin  A  Content  of  Market  Milks,  J.  A.  M.  A.  / 
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dilution  may  contain  6  mg.  or  less  to  the  day  s  supply. 
Thus  average  human  milk  meets  the  present  standard 
allowance  for  vitamin  C,  whereas  the  amount  in  pie- 
pared  cow’s  milk  is  grossly  inadequate.  Even  though 
the  requirement  is  met  by  average  human  milk,  the 
feeding  of  orange  juice  to  the  breast  fed  baby  is  in  no 
way  harmful  and  may  be  considered  beneficial  in  those 
instances  in  which  the  mother’s  supply  of  this  material 
is  small. 

The  thiamine  content  of  human  milk  varies  widely 
and  depends  on  the  diet  of  the  mother.'^  According 
to  Knott  and  her  co-workers, milk  from  mothers  able 
to  supply  their  infants  adequately  contains  more 
thiamine  than  milk  from  mothers  whose  babies  require 
a  formula  supplement.  The  milk  of  the  mothers  of 
babies  requiring  supplement  contained  an  average  of 
86  micrograms  (29  units)  to  the  quart.  When  the  milk 
supply  of  the  mother  was  adequate,  the  average  thiamine 
content  of  the  milk  was  192  micrograms  (64  units)  to 
the  cpiart.  The  larger  of  these  two  thiamine  contents 
was  observed  when  the  intake  of  the  mothers  was 
approximately  1.5  mg.  of  thiamine  daily.  When  the 
two  groups  of  mothers  were  considered  together,  the 
average  thiamine  content  of  the  milk  was  144  micro¬ 
grams  (48  units)  to  the  quart.  Clements  observed 


13.  Holmes,  A.  D.;  Tripp,  Francis;  Woelffer,  E.  A.,  and  Satterfield, 
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(Jan.)  1936.  Hawley,  Estelle  E.:  Vitamin  C  Content  of  Milks:  Raw, 
Pasteurized  and  Baby  Formulae,  J.  Am.  Dietet.  A.  14:  275-277  (April) 
1938.  Trout  G.  M.,  and  Gjessing,  E.  C.:  Ascorbic  Acid  and  Oxidized 
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symptoms  of  partial  thiamine  deficiency  in  8  per  cent 
of  a  group  of  150  breast  fed  infants.  The  thiamine  con¬ 
tent  of  the  milk  was  low  in  each  case. 


Cow’s  milk  as  fed  to  babies  is  subjected  to  heat 
treatment,  which  causes  significant  losses  of  thiamine  as 
compared  to  the  original  milk.  Data  concerning  the  pro¬ 
portion  of  loss  are  few  and  not  wholly  in  agreement.'' 
Reference  to  the  values  shown  in  table  2  shows  that 
heat  treated  cow’s  milk  contains  more  thiamine  than 
does  human  milk.  However,  cow’s  milk  usually  is 
diluted  for  feeding  the  young  baby.  Even  with  maxi¬ 
mum  customary  dilution,  the  thiamine  intake  of  the 
artificially  fed  baby  equals  or  exceeds  that  of  the  breast 
fed  baby  when  averages  are  considered. 

The  Food  and  Nutrition  Board  of  the  National 
Research  Council  has  set  a  standard  allowance  for 
thiamine  at  0.4  mg.  (133  units)  for  infancy,  the  Food 
and  Drug  Administration  a  minimum  requirement  at 
0.25  mg.  (83  units).  These  values  may  be  interpreted  to 
indicate  a  requirement  of  40  and  25  micrograms  respec¬ 
tively  for  each  kilogram  of  body  weight.  Knott 
has  stated  a  probable  requirement  of  40  micrograms 
for  each  kilogram.^®  Though  these  standards  are 
approached,  only  the  Food  and  Drug  Administration 
standard  is  fully  attained  by  average  human  milk  or  by 
the  average  formula.  It  is  hy  reason  of  these  facts 
that  questions  have  arisen  as  to  the  adequacy  of  the 
thiamine  intake  of  the  infant,  particularly  the  breast 
fed  infant.  The  breast  fed  infant,  though  he  has  no 
thiamine  to  spare,  seems  to  do  very  well  nutritionally. 
One  difiference  between  human  milk  and  formulas  ot 
cow’s  milk  is  the  higher  proportion  of  calories  from 
fat  in  human  milk  feeding.  Slightly  more  than  50  pei 
cent  of  the  calories  of  human  milk  are  from  fat,  while 
the  calories  from  fat  in  a  customary  milk  formula  often 
are  as  low  as  35  per  cent.  Thiamine  is  not  concerned 
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in  fat  metabolism,  and  fat  conseciuently  has  a  sparing 
action  on  this  material.  Therefore  the  thiamine  requiie- 
ment  is  more  ecinally  met  in  the  two  instances  than 
seems  apparent  at  first  thought.  In  any  case 
supplement  with  thiamine  containing  foods  is  desirable.^*’ 

The  riboflavin  content  of  milk  varies  widely  for  the 
human  being  and  to  a  lesser  extent  for  the  cow,^“ 
depending  on  the  intake.  The  average  content  of  cow’s 
milk  is  approximately  five  times  that  of  human  milk, 
and  the  baby’s  supply  from  human  milk  probably 
reaches  only  occasionally  the  minimum  standard  of  0.5 
mg.  daily  set  by  the  Food  and  Drug  Administration  or 
0.6  mg.  recommended  by  the  Food  and  Nutrition  Board. 
However,  human  milk  comes  much  nearer  to  meeting 
the  stated  requirement  for  riboflavin  than  it  does  for 
thiamine.  Applying  the  same  type  of  discussion  as  was 
given  for  thiamine,  it  would  appear  that  the  average 
breast  fed  baby  probably  is  adequately  supplied  with 
riboflavin. 

Both  human  and  cow’s  milk  are  poor  sources  of 
nicotinic  acid  or  niacin,’^  human  milk  probably  l)eing 
the  poorer  of  the  two  as  with  most  other  members  of 
the  vitamin  B  complex.  It  is  probable  that  the  amount 
of  niacin  in  milk,  at  least  human  milk,  is  dependent  on 
the  intake  of  the  mother.  On  the  basis  that  the  require¬ 
ment  for  niacin  is  approximately  ten  times  that  for 
thiamine,  the  niacin  requirement  of  the  infant  may  be 
from  250  to  400  micrograms  for  each  kilogram.  Thus 
the  requirement  of  the  young  infant,  before  niacin  con¬ 
taining  supplements  are  commonly  given,  would  be 
from  1  to  2  mg.  daily.  If  such  a  requirement  is  met,  it 
is  only  barely  met  by  either  human  milk  or  formulas 
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of  cow’s  milk.  In  the  present  state  of  our  knowledge 
early  supplement  with  niacin  containing  foods  seems 
desirable  for  all  infants. 

Neither  human  nor  cow’s  milk  supplies  an  impor¬ 
tant  amount  of  vitamin  D.  The  various  relationships  of 
the  components  of  human  milk,  including  the  calcium  to 
phosphorus  ratio,  are  such  that  calcium  and  phosphorus 
are  more  efficiently  utilized  from  this  food  than  from 
cow’s  milk.  It  is  well  known  that  rickets  is  less  com¬ 
mon  among  breast  fed  than  among  artificially  fed  infants. 
Nevertheless,  breast  fed  babies  sometimes  develop 
rickets  and  the  calcium  and  phosphorus  retentions  of 
babies  receiving  human  milk  are  increased  when  vitamin 
D  is  given.  The  requirement  of  the  breast  fed  baby 
for  vitamin  D  is  not  known  accurately,  but  probably  it 
is  little  or  no  different  from  that  of  the  artificially  fed 
baby,  as  discussed  subsequently. 

In  the  preceding  discussion  certain  large  differences 
in  body  composition  between  breast  fed  and  artificially 
fed  babies  have  been  mentioned.  The  significance  of 
these  differences  to  the  baby  is  not  clear.  Our  present 
knowledge  does  not  seem  to  warrant  the  selection  of 
one  type  of  composition  as  preferable  to  the  others. 
Detailed  nutritional  studies  have  not  proved  any  inferi¬ 
ority  of  human  milk  as  compared  to  cow’s  milk  in 
infant  feeding  despite  the  facts  that  certain  essential 
components  are  present  in  small  amount  and  that  well 
managed  artificial  feeding  produces  a  type  of  body  com¬ 
position  that  might  seem  more  desirable  from  certain 
theoretical  points  of  view.  The  usual  reasons  advanced 
for  preference  for  the  feeding  of  human  milk  are  trite, 
though  largely  correct.  These  reasons  pertain  to  ease 
of  digestion  and  low  bacterial  content  of  the  milk,  rela¬ 
tive  freedom  of  the  infant  from  infection,  infrequency 
of  digestive  disturbances,  production  of  good  growth 
and  phvsical  status,  infrequency  of  serious  illness  and 
relative  ease  ot  diet  regulation  It  may  be,  as  so  of  en 
is  stated  that  nature  intended  human  milk  for  the 
human  infant  and  eow’s  milk  for  the  mo's 
stomaeh  and  more  rapid  growth  of  the 
nature  has  not  informed  us  so  clearty  as  ‘o  ^ 

foods  should  be  added  to  the  diet  and  what  foods  si  o  k 
be  given.  For  answers  to  these  questions  we 
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depend  on  empirical  practice  as  modified  from  time  to 
time  by  scientific  observation.  That  certain  food  com¬ 
ponents  should  be  added  early  seems  clear. 

SUPPLEMKNTS  TO  THE  MILK  DIET  OF 
THE  INFANT 

Vitamin  C. — Most  babies  at  birth  have  blood  levels  of 
ascorbic  acid  of  at  least  0.7  mg.  and  some  1.0  mg.  or 
more  for  each  hundred  cubic  centimeters  of  blood. 
The  blood  level  decreases  promptly  and  rapidly.  By 
the  tenth  day  the  artificially  fed  baby  may  be  expected 
to  have  approximately  0.4  mg.  for  each  hundred  cubic 
centimeters  of  blood,  a  prescorbutic  level.  By  the  fourth 
or  fifth  day  the  breast  fed  baby  is  receiving  ascorbic 
acid  in  significant  amounts,  but  in  the  case  of  the 
artificially  fed  baby  the  custom  of  delaying  vitamin  C 
administration  until  the  second  month  is  altogether  too 
common.  Orange  juice,  the  most  frequently  used  source, 
even  though  started  late,  is  commonly  given  in  amounts 
much  too  small  to  meet  the  need.  The  young  artificially 
fed  baby  has  been  found  to  need  approximately  20 
mg.  of  ascorbic  acid  daily  in  addition  to  the  small 
amount  in  the  formula  in  order  to  have  a  blood  value 
for  this  material  comparable  to  the  lower  blood  levels 
of  breast  fed  babies.  Thus  at  least  an  ounce  of  orange 
juice  is  desirable,  beginning  in  the  early  days  of  life. 
By  the  time  the  baby  is  3  months  old  the  amount  of 
orange  juice  given  could  well  be  two  ounces  or  even 
more.  In  the  private  practice  of  pediatricians  “intoler¬ 
ance  of  orange  juice  is  encountered  frequently,  but  in 
hospital  practice  this  condition  is  found  most  rarely 
thus,  certain  inferences  are  obvious.  From  the  point  of 
view  of  digestion,  orange  juice  is  little  more  than  a  10 
per  cent  solution  of  dextrose,  a  material  which  should 
not  disturb  the  alimentary  tract  of  the  most  delicate 
infant.  Perhaps  it  is  not  a  coincidence  that  babies  who 
cannot  tolerate  orange  juice  also  usually  have  difficulty 
with  tomato  juice.  For  those  who  are  intolerant  to 
these  food  materials,  ascorbic  acid  is  widely  available 
in  tablet  form. 

Vtfamin^  T>.— The  need  for  vitamin  D  from  special 
sources  exists  from  birth.  One  good  argument  favoring 
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the  use  of  milk  fortified  with  vitamin  D  is  that  probably 
no  one  hesitates  to  prescribe  this  type  of  milk  for  the 
earliest  formulas,  whereas  perhaps  the  majority  of 
physicians  wait  several  weeks  or  into  the  second  month 
l)efore  prescribing  a  fish  liver  oil.  Fish  liver  oils  in 
appropriate  amounts  may  be  expected  to  produce  no 
digestive  difficulties  at  1  to  2  weeks  of  age.  The  con¬ 
dition  most  to  be  feared  at  this  early  age  is  lipoid  pneu¬ 
monia  produced  by  aspiration  of  the  oil.  It  is  partly  for 
this  reason  that  some  physicians  use  concentrated 
preparations  of  vitamin  D  in  preference  to  cod  liver 
oil.  Other  and  perhaps  preferable  alternatives  exist. 
Preparations  of  both  vitamin  D2  and  Dg  are  commer¬ 
cially  available  in  solutions  which  are  freely  miscible 
with  the  milk  formula  and  oflfer  the  advantage  of  dis¬ 
persion  of  the  vitamin,  in  which  state  it  is  more  effici¬ 
ently  utilized  than  in  the  concentrated  form. 

The  requirement  for  vitamin  D  has  been  set  at  400 
units  daily  by  the  Food  and  Drug  Administration; 
400  to  800  units  is  the  daily  allowance  recommended  by 
the  Food  and  Nutrition  Board  of  the  National  Research 
Council;  2  teaspoons  of  minimum  standard  cod  liver 
oil  (approximately  600  units)  is  the  daily  dosage  sug¬ 
gested  by  the  Council  on  Pharmacy  and  Chemistry 
of  the  American  Medical  Association.  No  acceptable 
evidence  has  been  found  that  a  normal  infant  needs 
more  than  350  units  daily  for  optimum  or  for  maximum 
calcium  utilization  when  the  vitamin  D  is^of  no  greatei 
concentration  than  exists  in  cod  liver  oil.-^  I  he  2  and 
3  teaspoons  of  cod  liver  oil  commonly  prescribed  con¬ 
tain  as  much  as  1,800  and  2,700  units  respectively  when 
some  of  the  high  potency  oils  are  used.  Some  evidence 
exists  that  these  larger  amounts  are  detrimental  m  that 
appetite  decreases  after  several  months  of  use,  with 
consequent  decrease  in  calcium  retention  and  Jn 
rate  One  teaspoon  daily  of  the  less  potent  of  the 
accepiable  cod  liver  oils  or  teaspoon  of  the  highly 
potent  oils  is  adequate.  If  preparations  of  such  con¬ 
centration  as  viosterol,  must  be  used,  a  dosage  of  4  or  5 
drops  is  preferable  to  the  10  drops  commonly  used.  The 
dosage  oi  vitamin  D  should  be  considered  in  term^ 

25.  Jeans,  P.  C.,  Stearns  Genevieve;  (^^e^ "rhe 

VitamiS"A°sVmpo?ium,'- Chicago.  Americal  Medical  Association.  1939, 

c!-\^n^d  Stearns  Geneviev^Jhe^ 

s'T  uSirOaily.  J  lSt.  13:  730-740  (Nov.)  1938. 


hUHDlNG  01'  CJIILPhGiX 


353 


units;  volumes  should  be  staled  only  in  interpretation 
to  the  caretaker  of  the  infant  in  relation  to  the  si)ecihc 
product  to  be  used. 

Cereals. — It  is  the  almost  universal  custom  in  this 
country  to  prescribe  cereal  as  the  baliy  s  first  solid 
food."'  The  age  at  which  cereal  is  given  to  infants  has 
varied  with  difterent  generations  of  physicians,  but 
at  the  present  time  the  addition  of  cereal  to  the  diet 
at  3  months  is  a  common  practice.  This  current  prac¬ 
tice  finds  its  counterpart  in  the  time  of  the  Roman 
Empire.  Thus  it  is  an  empirical  custom,  its  continuance 
being  based  on  the  clinical  impression  and  belief  that 
bailies  thrive  better  when  receiving  cereal.  Among  the 
cereal  products  listed  as  suitable  for  infant  feeding  are 
farina  jireparations,  foods  which  presumably  add  little 
to  the  nutritional  value  of  the  infant’s  diet. 

Earlier  in  this  review  has  been  mentioned  the  impor¬ 
tance  of  supplementing  the  milk  diet  of  the  infant  with 
foods  containing  iron  and  thiamine  and  jiossibly  other 
members  of  the  vitamin  B  comjile.x.  W’hole  grain 
cereals  and  especially  fortified  proprietary  cereal  foods 
contribute  importantly  to  the  satisfaction  of  these  needs. 
Thus  an  empirical  custom  receives  sujijiort  from  mod¬ 
ern  scientific  evidence,  but  only  when  cereal  foods  are 
carefully  selected. 

It  is  a  custom  of  a  few  physicians  to  defer  the  feeding 
of  cereals  until  the  second  half  of  the  first  year  and  to 
supply  the  needed  iron  and  B  vitamins  from  egg  yolk, 
vegetables  and  fruits.  When  these  foods  are  given  in 
appropriate  quantities  the  supply  of  iron  and  B  vitamins 
is  somewhat  greater  than  from  whole  grain  cereals, 
though  not  greater  than  from  some  of  the  fortified 
proprietary  foods.  Thus  among  the  natural  foods  the 
known  needs  of  the  infant  are  supplied  better  from 
yolk,  vegetables  and  fruits  than  from  whole  grain 
cereals.  W  hen  these  foods  are  given,  the  feeding  of 
cereal  loses  much  of  its  importance  and  may  be  deferred 
until  the  capacity  of  the  infant  increases  to  the  extent 
that  the  entire  group  of  foods  may  be  taken  comfortably. 

OTHER  .SUPPLEMENTARY  FOODS 

Some  of  the  food  values  of  egg  yolk,  vegetables  and 
Iruits  have  been  mentioned  in  the  preceding  section. 
hgg  yolk  IS  freciuently  given,  preferably  cooked,  at  3 
to  4  months  of  age.  sieved  vegetables  at' 4  to  5  month's 
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and  sieved  fruits  at  4  to  6  months.  The  giving  of  a 
variety  of  these  foods  twice  a  day  instead  of  the  usual 
cereal  twice  daily  not  only  supplies  needed  nutrients 
but  helps  to  accustom  the  infant  to  variety  in  flavors 
and  textures  of  foods,  a  goal  highly  desirable  from  the 
point  of  view  of  forming  good  feeding  habits. 

THE  PSYCHOLOGV  OF  INFANT  FEEDING 

The  psychologic  aspects  of  infant  feeding  are  fully 
as  important  as  those  more  obviously  nutritional.  One 
of  the  commonest  complaints  relating  to  children 
brought  to  the  pediatrician  is  anorexia,  usually  depen¬ 
dent  on  training  in  feeding  habits  and  usually  having 
its  origin  in  infancy.  Often  the  formula  prescription 
of  the  physician  contributes  to  the  onset  of  the  diffi¬ 
culty.  A  definite  volume  of  food  is  prescribed,  and  the 
conscientious  and  solicitous  parent  endeavors  to  give 
this  exact  quantity  of  formula  at  each  feeding  regard¬ 
less  of  possible  variations  in  appetite.  In  this  manner 
rebellion  against  food  may  have  its  beginning.  The 
desirability  of  variety  in  texture  and  flavor  has  been 
mentioned.  These  variations  should  be  introduced 
early.  The  child  who  has  had  only  liquid  and  sieved 
foods  throughout  the  first  year  frequently  refuses 
coarser  foods  when  they  are  finally  offered.  .A.t  least 
some  of  the  fruits  and  vegetables  offered  should  be 
chopped  or  mashed  rather  than  sieved  after  the  sixth 
or  seventh  month.  The  continuance  of  bottle  feeding 
after  1  year  of  age  is  not  good  feeding  practice  and 
is  usually  evidence  that  other  environmental  factors 
probably  are  faulty. 

THE  FEEDING.  OF  CHILDREN 

The  conclusion  is  reached  easily  that  the  diets  of  our 
children  have  iinjiroved  in  many  ways  over  those  used 
in  the  past.  It  is  clear  also  that  they  have  not  yet 
improved  sufficiently  even  in  those  economic  levels  at 
which  the  cost  of  food  is  relatively  unimportant. 

It  is  customary  to  attribute  increased  rate  of  growth 
of  a  populatioi/  group  to  'improvement  in  nutrition. 
Certainly  it  has  been  demonstrated  that  nutrition  defi¬ 
nitely  affects  the  rate  of  growth.  Whether  the  cause 
is  nutritional  or  dependent  on  some  other  factor  at 
present  unrecognized,  studies  have  shown  that  young 
people  of  this  country  are  taller  and  h.eavier  than  were 
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the  children  of  former  years.  For  example,  Meredith 
has  shown  that  boys  living  in  the  United  States  today 
are  6  to  8  per  cent  taller  and  12  to  15  per  cent  heavier 
than  was  the  case  half  a  century  ago.  He  found  the 
size  of  boys  to  be  related  to  economic  status,  presumably 
a  nutritional  relationship.  He  found  also  that  differ¬ 
ences  in  size  were  unimportant  when  related  to  geo¬ 
graphic  distribution  within  the  United  States. 

Other  studies  have  shown  that  well  fed  babies  and 
children  grow  at  rates  greater  than  average.  The 
growth  data  of  Kornfeld  (1929)  and  of  Stuart-'-' 
(  1934)  show  a  growth  rate  more  rapid  than  the  data 
of  Baldwin^®  (1921).  Though  these  differences  are 
greater  among  infants,  they  appear  also  for  the  child. 
The  assumption  seems  justified  that  the  increased 
growth  rates  are  attributable  to  improved  nutrition. 

Several  approaches  exist  to  the  obtaining  of  evidence 
that  current  diets  are  not  satisfactory.  One  of  these 
is  to  point  out  the  frequency  of  dental  caries  and  the 
dependence  of  tooth  decay  on  faulty  diet.  This  field 
of  observation  is  highly  controversial  in  some  respects, 
but  numerous  investigators  have  presented  evidence  of 
interrelationship  between  caries  and  dietary  content. 
A  critical  review  of  the  evidence  would  be  too  involved 
and  lengthy  to  permit  inclusion  here.  Various  inv'esti- 
gators  have  emphasized  the  importance  in  the  diet  of 
sugar,  calcium,  vitamin  D,  ascorbic  acid,  fluorine, 
refined  foods  and  the  adequacy  of  the  diet  as  a  whole 
Nearly  all  investigators  in  the  field  will  agree  to  the 
importance  of  one  or  more  items  of  this  list  in  rela¬ 
tion  to  dental  caries.  All  the  items  relate  to  nutrition 
or  at  least  to  diet  content.  Another  approach  to  the 
determination  of  the  adequacy  of  the  diets  of  the  popu¬ 
lation  IS  by  means  of  surveys.  Such  surveys  indicate 
widespread  dietary  faults  which  undoubtedly  affect 
utrition  according  to  the  degree  of  fault.  Estimates 
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of  the  prevalence  of  nutritional  deficiency  have  been 
published  recently. 

One  nutritional  essential  commonly  deficient  in  the 
child’s  diet  is  vitamin  D.  Many  children  receive  an 
inadequate  amount  from  sunshine  in  summer  and  few 
receive  a  sufficient  amount  in  winter.  While  giving 
vitamin  D  preparations  has  become  routine  in  infancy, 
relatively  few  mothers  realize  that  this  material  is 
important  throughout  the  growth  period.  Without  vita¬ 
min  D,  children  vary  widely  in  their  ability  to  utilize 
calcium  and  phosphorus ;  for  some  the  utilization  is 
excellent,  for  others  poor.  Since  the  distinction  between 
these  two  types  of  children  cannot  he  made  without 
prolonged  and  detailed  special  study  for  each  child, 
it  is  appropriate  to  consider  that  all  children  require 
vitamin  D.  When  the  calcium  and  phosphorus  intakes 
are  adequate  and  appropriate,  from  300  to  400  units 
of  vitamin  D  daily  will  produce  retentions  of  these 
minerals  ample  to  satisfy  the  theoretical  requirements 
for  normal  growth.-® 

Except  for  special  therapeutic  purposes,  probably  no 
need  exists  for  special  preparations  of  vitamin  A  to  be 
given  in  addition  to  that  present  in  the  diet.  Evidence 
is  conflicting  concerning  the  frequency  of  vitamin  A 
deficiency  among  the  children  of  this  country.  Cer¬ 
tainly  vitamin  A  is  relatively  almndant  in  many  of  our 
foods,  and  any  reasonably  good  diet  contains  ample  not 
only  to  meet  the  minimum  requirement  but  for  storage. 
It  is  clear  also  that  if  the  diet  is  fortuitously  deficient 
in  vitamin  A  it  is  deficient  also  in  many  other  essen¬ 
tials  and  that  much  more  is  needed  than  addition  of 
vitamin  A  alone.  It  is  believed  that  in  a  high  propor¬ 
tion  of  instances  in  which  children  are  found  to  have 
clinical  evidence  of  vitamin  A  deficiency  the  deficiency 
is  dependent  on  defects  of  utilization  in  greater  measure 
than  on  dietary  deficiency.®^  Infections  and  illnesses 
produce  prompt  response  in  impairment  of  utilization. 
In  the  continued  presence  of  illness  large  therapeutic 
doses  of  vitamin  A  may  be  required  to  supply  the  need 
or  these  large  doses  may  fail  to  produce  a  noticeable 

effect.  _ _ _ _ _ 
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Dark  adaptation  tests  have  a  definite  field  of  useful¬ 
ness  in  determining  vitamin  A  status,  though  this  issue 
has  been  clouded  greatly  by  misinterpretation.  In 
dysadaptation  from  utilization  deficiency  dependent  on 
illness,  subsequent  improvement  has  been  attributed  to 
increased  proficiency  produced  by  practice  in  the  test 
because  no  extra  vitamin  A  had  been  given.  Failures 
to  correlate  the  test  results  with  dietary  intake  of 
vitamin  A  have  been  used  to  condemn  the  tests  when  all 
subjects  had  adequate  intakes  and  gave  test  results 
within  the  normal  range.  Uncritical  reading  of  such 
reports  has  led  to  confusion  in  acceptance  of  the  validity 
of  the  tests,  That  dark  adaptation  tests  have  found 
acceptance  in  authoritative  groups  is  attested  by  the 
fact  that  the  vitamin  A  standards  set  up  by  the  Food 
and  Drug  Administration  and  by  the  Food  and  Nutri¬ 
tion  Board  of  the  National  Research  Council  were 
based  chiefly  on  the  results  of  adaptation  tests. 


Much  circumstantial  evidence  exists  in  recent  litera¬ 
ture  to  the  eflfect  that  thiamine  probably  is  obtained  by 
many  children  in  amounts  less  than  those  considered 
appropriate  or  optimum.®'^  It  is  clear  that  the  remedy 
for  this  situation,  to  the  extent  that  it  exists,  lies  in  a 
better  selection  of  dietary  components  rather  than  in 
the  giving  of  special  preparations  of  thiamine.  In 
general,  refined  cereal  preparations  are  to  be  avoided 
except  as  they  have  been  “enriched.”  The  lower  the 
economic  level,  the  greater  the  extent  to  which  the 
energy  need  usually  is  supplied  by  refined  cereal  prod¬ 
ucts  and  sugar,  sometimes  amounting  to  50  per  cent 
or  more  of  the  total  energy  intake. "  Enriched  bread 
and  flour  have  now  become  available  at  all  economic 
levels.  Much  ado  has  been  made  over  the  increasing 
consumption  of  refined  sugar,  some  believing  that  sugar 
IS  harmful  per  se,  but  all  agreeing  that  it  is  too  likely 
to  replace  foods  nutritionally  valuable.  It  is  refresli- 
ing  to  find  another  point  of  view  as  presented  by 
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Macy.®"’  It  has  been  her  observation  that,  the  better  the 
diet  from  the  nutritional  point  of  view,  the  less  the 
desire  of  the  child  for  sugar.  She  has  concluded  that 
the  amount  of  sugar  taken  voluntarily  by  a  child  is 
an  excellent  criterion  of  the  adequacy  of  the  diet.  As 
the  diet  is  improved,  the  voluntary  ingestion  of  sugar 
decreases.  If  this  observation  is  correct,  the  point  of 
attack  is  not  to  restrict  sugar  but  to  improve  the  diet 
by  increasing  the  amounts  of  nutritionally  valuable 
foods  offered. 

Thiamine  is  reputed  for  its  effect  on  the  appetite. 
An  important  proportion  of  the  children  for  whom 
parents  seek  medical  advice  are  brought  to  the  phy¬ 
sician  because  of  anorexia.  In  few  of  these  instances 
is  the  anorexia  correctible  by  thiamine  medication. 
Though  the  child  may  be  receiving  suboptimal  amounts 
of  thiamine  and  other  essentials,  the  fundamental  diffi¬ 


culty  lies  in  the  environment  and  training  in  feeding 
habits,  these  bad  habits  often  having  had  their  origin 
early  in  infancy.  The  correction  of  these  habits  has 
little  relationship  to  thiamine. 

Vitamins  other  than  those  mentioned  need  little  spe¬ 
cial  discussion.  A  child  who  ingests  his  expected 
allowance  of  milk  receives  from  this  source  alone  most, 
if  not  all,  of  the  riboflavin  required.  For  the  child 
who  does  not  receive  his  quota  of  milk,  the  possibility 
of  deficiency  not  only  of  riboflavin,  but  of  other  essen¬ 
tials  as  well,  is  to  be  considered,  and  the  diet  must 
he  supplemented  accordingly  in  a  special  and  expert 
manner  if  it  is  to  be  complete.  Meat,  particularly  the 
glandular  organs  and  lean  pork,  is  a  good  source  of 
the  B  group  of  vitamins.  If  ingested  regularly,  it  is 
a  better  source  of  thiamine  and  niacin  ^  than  is  , 
though  it  is  a  fairly  good  source  of  riboflavin,  it  is 
inferior  to  milk  in  this  respect.  Eggs  contribute  impor¬ 
tantly  to  the  supply  of  B  vitamins  as  well  as  other 
nutritional  essentials  and  should  be  included  m  the 
diet  frequently,  preferably  daily. 

Calcium  is  the  mineral  requiring  chief  attention  in 
childhood,  since  the  other  essential  minerals  are  more 
likely  to  be  present  in  sufficient  amount  in  most  diets. 
Milk  and  milk  products  are  our  best  food  source  ot 
calcium.  In  the  case  of  the  young  child  the  iisual  diet, 
exclusive  of  milk,  contains  approximately  U-  ni.  o 
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calcium;  the  diet  of  the  older  child  contains  approxi¬ 
mately  0.3  Gm.  The  remainder  of  the  requirement 
of  1  to  1.5  Gm.  is  normally  supplied  by  milk.  Thus 
with  propriety  one  may  speak  of  the  milk  requirement 
in  relationship  to  the  calcium  need. 

A  curve  of  theoretical  requirement  for  retention  of 
calcium  may  be  constructed  by  apportioning  according 
to  rates  of  growth  at  different  ages  the  total  accretion 
of  calcium  from  birth  to  maturity.  When  such  a  curve 
is  constructed,  the  daily  retention  requirement  is  found 
to  decrease  from  approximately  300  mg.  in  infancy  to 
a  low  point  of  about  180  mg.  early  in  the  preschool 
period,  then  to  increase  to  about  450  mg.  at  the  begin¬ 
ning  of  adolescence.®®  The  efficiency  of  children  in 
calcium  utilization  varies  widely,  but,  when  vitamin  D 
is  given,  the  range  of  retention  is  not  great,  though 
always  the  amount  ingested  exceeds  greatly  the  amount 
retained.  Discussing  the  calcium  requirement  in  terms 
of  milk,  it  has  been  found  that  during  the  early  part 
of  the  preschool  period  1  pint  of  milk  in  addition  to  the 
usual  diet  permits  retentions  adequate  to  meet  the  theo¬ 
retical  retention  requirement,  which  is  low  at  this  age.®^ 
\Try  quickly  after  this  time  and  up  to  approximately 
10  years  of  age  the  retention  requirement  is  not  met 
until  the  quantity  of  milk  is  increased  to  1^  pints 
daily.  The  requirement  during  adolescence  is  not 
known  with  the  same  degree  of  definiteness  but  proba¬ 
bly  is  the  calcium  content  of  1  quart  of  milk  daily. 
It  seems  unwise  to  place  any  emphasis  on  the  low 
requirement  in  the  early  preschool  period.  This  period 
IS  brief.  More  is  received  by  the  baby  immediately 
preceding  this  period  and  more  is  required  subse¬ 
quently.  Milk  should  not  be  considered  solely  as  a 
source  of  calcium.  It  contributes  most  importantlv  to 
die  protein  requirement  as  well  as  other  essentials. 
Consequently  it  seems  preferable  to  advise  at  least 
114  pints  of  milk  after  the  period  of  infancy  and  up 
to  the  age  of  10  years.  The  taking  of  a  full  quart  of 
milk  throughout  this  period  can  be  considered  as  bene- 
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ficial  only,  provided  the  larger  (piantity  does  not  crowd 
from  the  diet  other  essential  foods.  The  fear  or  belief 
that  the  larger  quantity  may  have  this  effect  is  widely 
prevalent  hut  not  too  well  founded,  especially  for  those 
children  who  have  normal  appetites. 

Calcium  deficiency,  at  least  in  moderate  degree,  is 
believed  to  l)e  widely  prevalent  in  childhood.  To  what¬ 
ever  degree  such  a  situation  exists,  it  is  usually  much 
worse  during  adolescence.  At  this  age  period  the 
requirement  is  increased  and  too  often  the  intake  not 
only  is  not  increased  hut  actually  is  decreased,  some¬ 
times  because  of  a  desire,  especially  in  girls,  to  remain 
slim.  It  is  during  the  adolescent  period  particularly 
that  dental  caries  tends  to  l)ecome  rampant,  a  condi¬ 
tion  believed  by  many  observers  to  depend  on  nutrition 
and  by  some  observers  to  depend  in  part  on  calcium 
metabolism. 

The  custom  of  prescribing  or  using  calcium  salts  is 
widely  prevalent.  Such  salts  have  a  definite  field  of 
usefulness  under  special  circumstances,  hut  they  have 
no  rightful  place  in  the  normal  diet.  When  they  are 
used,  they  should  he  carefully  chosen  for  the  purpose 
intended  and  the  dosage  should  he  more  nearly  ade- 
(juate  than  it  frefjuently  is.  The  phosphates  of  calcium 
are  as  well  utilized  as  the  same  salts  in  milk.  The 
calcium  needs  for  growth  can  he  satisfied  easily  by 
means  of  these  preparations.  In  order  ^fStt  calcium 
may  he  usable  for  growth,  it  is  necessary  that  a  pro¬ 
portionate  amount  of  phosphorus  be  available  at  the 
same  time.  The  calcium  of  such  salts  as  calcium 
lactate  and  gluconate  is  utilizahle  for  retention  only  to 
the  extent  that  phosphorus  is  present  otherwise  in  the 
diet.  All  diets  contain  at  least  a  fair  amount  of  phos- 
l)horus,  hut  the  amount  usually  is  not  adequate  to  per¬ 
mit  the  best  use  of  the  calcium  of  these  salts.  1  he 
chief  objection  to  the  customary  use  of  calcium  salts  is 
that  they  are  not  food  in  the  usual  sense  and  they  are 
(.fteii  used  as  a  substitute  for  milk.  It  is  obvious  tlial 
calcium  salts  can  be  a  substitute  for  milk  m  only  a  most 
restricted  sense  and  that  the  diet  must  be  supplemented 
in  many  additional  ways  in  order  to  compensate  for  the 

absence  of  milk.  _  .  r 

The  possibility  of  protein  deficiency  m  the  diets  o 
children  has  received  some,  but  insufficient,  attention. 
One  of  the  criteria  which  may  be  used  for  estiinatiiiK 
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the  i)r()tein  content  of  the  body  is  the  creatinine  out¬ 
put  in  the  urine.  Creatinine  excretion  is  directly  pro¬ 
portional  to  the  amount  of  muscle  in  the  liody.^®  W  hen 
children  are  fed  ample  protein,  the  creatinine  excretion 
( consecjuently  the  amount  of  muscle)  iises  to  a  constant 
level  for  each  child,  with  a  narrow  range  at  each  age 
period  for  a  group  of  children.^®  W  hen  these  values 
are  plotted  according  to  age  and  in  terms  of  creatinine 
for  each  kilogram  of  liody  weight,  a  curve  is  obtained 
which  may  be  considered  as  representing  normal  con¬ 
ditions  as  regards  creatinine  output  and  muscle  mass. 
Creatinine  data  collected  from  the  literature,  as  well  as 
data  from  this  clinic,  show  that  the  great  majority  of 
children  studied  have  creatinine  values  below,  often 
considerably  below,  the  theoretically  normal  curve  when 
they  first  come  under  observation.  Those  with  normal 
values  are  the  exception  rather  than  the  rule.  In  all 
the  instances  in  which  observations  have  been  made  the 
creatinine  output  increases  promptly  to  the  normal  level 
when  amounts  of  protein  are  fed  which  are  consistent 
with  what  are  considered  standard  dietary  allowances. 
It  appears  that  when  children  receive  suboiitimum 
amounts  of  protein  they  approach  as  nearly  to  the 
normal  creatinine  excretion  as  their  protein  intakes 
permit  them.  It  is  of  interest  also  that  the  weight 
of  the  child  may  be,  and  in  fact  usually  is,  within  what 
is  considered  the  normal  range  when  the  low  creatinine 
values  are  observed.  The  size  or  weight  of  the  body 
is  not  a  criterion  for  judging  protein  metabolism. 

In  meeting  the  protein  requirement,  emphasis  is  to 
be  placed  on  the  value  of  milk.  A  quart  of  milk  daily 
supplies  most  of  the  protein  need  of  the  young  child 
and  half  the  need  at  the  beginning  of  adolescence. 
Such  a  quantity  of  milk  contributes  more  protein  to  tbe 
diet  than  any  other  single  food.  Wdien  milk  is  excluded 
from  the  diet,  the  protein  requirement  of  the  child  can 
be  met  only  if  special  and  expert  supervision  is  given. 


SUMMARY 


Despite  all  our  nKxlern  knowledge  of  infant  nutrition 
and  all  the  current  refinements  of  artificial  feeding 
feeding  at  the  breast  of  the  mother  remains  an  ideal’ 
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procedure.  This  is  true  despite  the  fact  that  human 
milk  contains  only  a  bare  minimum  of  most  of  the 
nutritional  essentials  and  the  fact  that  the  body  compo¬ 
sition  of  the  breast  fed  infant  departs  widely  from  that 
which  preceded  and  that  which  follows,  in  contrast  to 
the  body  composition  of  the  artificially  fed  baby,  which 
maintains  more  closely  a  smooth  continuance  of  the 
fetal  and  postinfancy  curve. 

Vitamin  D  is  needed  early  by  all  babies,  whether 
breast  or  artificially  fed.  Vitamin  C  is  needed  early 
by  artificially  fed  babies  and  is  a  harmless  safeguard 
for  the  breast  fed  baby.  No  need  for  vitamin  A  from 
special  sources  exists.  If  current  custom  is  in  error, 
it  errs  in  the  direction  of  giving  too  much  vitamin  D 
and  too  little  vitamin  C  and  in  not  giving  either  of  these 
materials  early  enough. 

Additional  supplementary  foods  should  be  given  at 
not  later  than  4  months  of  age  to  both  breast  and 
artificially  fed  babies.  One  important  function  of  these 
supplements  is  to  supply  iron  and  vitamins  of  the 
B  group.  Another  function  is  to  accustom  the  baby 
early  to  variety  in  flavor  and  texture  for  the  promotion 
of  good  feeding  habits.  Anorexia  and  poor  feeding 
habits,  which  occur  so  frequently  in  older  children, 
often  have  their  origin  in  feeding  mismanagement  in 
infancy. 

In  a  general  way  we  have  done  reasonably  well 
nutritionally  by  our  babies,  but  not  so  well  for  children 
past  infancy.  The  nutrition  of  the  child  has  been 
improved  during  the  past  generation,  but  not  to  the 
extent  desirable  or  possible  with  present  knowledge. 
Though  observers  do  not  agree  too  well  as  to  the 
particular  nutritional  or  dietary  factors  responsible  foi 
dental  caries,  nearly  all  are  of  the  opinion  that  one 
or  more  dietary  coniponents  may  be  responsible,  either 
by  lack  of  those  which  are  essential  or  by  the  presence 
of  some  considered  harmful.  On  such  a  basis,  denta 
caries  is  our  most  widespread  nutritional  scourge. 

At  least  three  nutritional  essentials  deserve  special 
emphasis  in  childhood,  viz.  vitamin  D,  protein  and 
calcium.  Vitamin  D  is  required  throughout  the  growth 
period,  a  fact  extensively  overlooked.  Milk  as  our 
only  constant  good  food  source  of  calcium 
in  sufficient  quantity  by  a  large  number  of  children. 
Brotein  deficiency  is  much  more  common  than  is 
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generally  realized.  A  diet  adequate  in  protein  cannf)t 
be  arranged  fortuitously  without  the  inclusion  of  milk. 

Though  thiamine  is  obtained  by  a  large  propor¬ 
tion  of  children  in  quantities  scarcely  meeting  their 
needs,  the  remedy  lies  in  better  food  selection,  not  in 
thiamine  medication.  Enrichment  of  flour  and  bread 
and  decreased  consumption  of  sugar  should  contribute 
materially  to  the  desired  end. 

Vitamin  A  from  special  sources  is  not  needed  by  the 
normal  child.  A  diet  fortuitously  deficient  in  vitamin  A 
is  deficient  also  in  other  respects.  The  remedy  is  a 
better  diet,  not  medication. 
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CHAPTER  XIX 


FEEDING  THE  AGED 


EDWARD  L.  TUOHY,  M.D. 

DULUTH,  MINN. 


At  the  outset  I  present  five  reasons  why  practicing 
physicians  should  become  interested  in  the  problem  of 
feeding  the  aged.  When  they  convince  themselves  that 
overindulgence  and  needless  restriction  in  food  are  both 
wrong,  then  will  their  patients  gradually  conform.  They 
always  have  conformed  and  on  many  occasions  have 
accepted  guidance  far  less  scientifically  sound  than  that 
outlined  in  this  series  on  nutrition. 


1.  Those  living  over  60  are  now  so  numerous  that 
their  individual  needs  call  for  an  active  aggressive 
medical  approach.  The  individual,  instead  of  his  dis¬ 
ease,  is  our  problem.  We  must  become  guides  or 
umpires  rather  than  healers  and  on  a  long  term,  rather 
than  a  temporary,  basis.  ^  The  treatment  of  diabetes 
with  balanced  diets  and  insulin,  of  pernicious  anemia 
with  liver  extracts,  illustrates  the  technic.  We  have 
asked  repeatedly  that  we  be  allowed  to  keep  the 

physician-])atient”  relationship.  Here  is  our  oppor¬ 
tunity, 

2.  Mass  efforts  (for  preventable  diseases)  and  spe¬ 
cifics  (for  certain  infections)  have  nearly  eliminated 
many  common  diseases  (diphtheria,  typhoid).  We  are 
on  the  way  to  control  pneumonia  if  seen  early.  Less 
young  people  die;  more  attain  advanced  age  unham¬ 
pered  by  a  holdover  of  morbidity  from  earlier  nonfatal 
encounters  that  nevertheless  leave  their  scars. 

3.  The  competence  of  healthy  older  people  is  largclv 
a  matter  of  nutrition.  Doctors  also  have  an  age  prob¬ 
lem.  1  hey  also  age.  America  is  at  war.  There  is 
no  turning  back.  Physicians  attain  their  fourth  decade 
before  they  become  active  in  their  respective  fields 
Ihey  need  more  years  of  activity  after  60  than  most  are 


Acute  deaths  .  ,  , 

Chronic  disorders  b  b  .  2  of  4 

1  he  only  chronic  malady  showing  striking  decrease 
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favored  with.  Coronary  disease  is  all  too  coniiiion  with 
doctors.  I  shall  refer  to  it  at  some  length  because  food 
excesses  (fat)  may  be  a  factor  involved. 

4.  Population  is  an  asset.  Human  beings  must  never 
he  classed  as  liabilities.  Guiding  the  aging  may  be  made 
a  stimulating  medical  field.  It  is  not  a  “second  child¬ 
hood”  affair,  as  the  uninformed  facetiously  imply. 
Geriatrics  is  less  a  science  than  an  art.  It  is  not  an 
isolated  specialty  comparable  to  pediatrics.  The  pedia¬ 
trician  tells  the  mother  or  nurse  what  to  feed  the  child. 
If  the  food  is  available,  the  child  usually  gets  it.  The 
geriatrician  (I  do  not  aspire  to  be  one)  usually  finds 
ids  older  subjects  neither  acquiescent  nor  especially 
cooperative.  Food  habits  have  become  fixed  ;  those 
under  or  over  eating  enjoy  their  self  determination. 
Accordingly  it  is  not  sufficient  to  tell  off  average  menus 
suitable  for  the  old.  This  simple  assignment  I  leave 
to  the  scores  of  available  diet  manuals.  Some  argument 
must  be  presented  to  give  the  whys  and  wherefores  of 
the  need  of  balance  in  various  foodstuffs  and  vitamins. 
The  overrefinement  of  starch  and  excessive  use  of 
sugar  must  be  warned  against  and  the  reasons  made 
clear  enough  so  that  appetite  is  not  the  sole  guide  to 
eating.  All  specialists  and  general  practitioners  giving 
service  to  the  old  should  familiarize  themselves  with 
the  researches  in  nutrition  now  contributing  so  effec¬ 
tively  where  understood  and  applied. 

I  shall  attempt  to  assemble  the  evidence  establishing 
adequate  nutrition  as  the  present  day  primary  need 
of  the  older  age  group.  The  previous  chapters  in  this 
series  have  authoritatively  outlined  the  increment  in 
knowledge  of  nutrition  that  has  come  since  the  turn 
of  the  century.  McLester  in  the  introductory  chapter 
expressed  the  fear  that,  despite  all  these  advances  there 
may  follow  an  undue  lag  before  this  nutritive  beneficence 
becomes  a  part  of  our  life  and  heritage.  It  rests  with 
practicing  physicians  to  limit  this  lag,  to  bring  about 
within  a!  fevv  decades  as  possible  (especially  for  the 
older  age  group)  something  comparable  to  the  improve¬ 
ment  in  nutrition  that  has  already  come  to 
tions  of  babies  since  pediatricians  have  put  the  balance 

nutrition  into  effect. 

5,  We  have  the  present  war  emergencv.  lere  is 
much  salvage  within  the  old  age  gioup.  o  por  loi 


1-EHDlNG  THE  AGED 


367 


of  the  present  nutritional  program  should  he  denied 
the  aged  on  any  basis  dictated  by  their  years.  Age 
is  hard  to  define.  It  is  known  best  by  what  it  does. 
It  limits  outlook  and  capacity;  it  adds  its  “aches  and 
qualms,”  all  too  readily  attributed  to  ingested  food. 
'I'he  food  left  out  may  contain  the  elements  that  com¬ 
plete  the  vicious  circle,  so  that  less  food,  more  infirmity, 
more  symptoms,  less  efficiency  pile  up.  Age  conceals 
a  vast  reservoir  of  talent,  skills,  wisdom  and  experience, 
not  to  mention  much  muscle  and  brawn  if  proper  food 
maintains  reserve.  There  could  not  be  a  better  time 
to  plan  a  purposeful  nutritional  program  for  the  peace 


that  must  follow 

war.  Doctors  must 

take 

part  in  it. 

T.xai.E 

1. — Af/c  Level  Extensions  * 

1900 

1937 

1940 

Average  age  at  death... , 

.  2C.79t 

58.65 

62.00 

Death  under  1  year . 

.  24% 

5% 

5.2% 

Death  over  75 . 

.  4% 

25% 

32.1% 

Death  at  45  or  over . 

.  24% 

797o 

83% 

*  Statistics  furnished  through  Dr.  Mario  Fischer,  Duluth  Health  Com¬ 
missioner. 

t  There  was  at  that  time  a  high  death  rate  from  typhoid  and  tuber¬ 
culosis,  as  well  as  from  complications  of  all  the  contagious  diseases  of 
childhood.  In  the  summer  time  there  was  the  traditional  high  death 
rate  from  feeding  disturbances  in  children,  and  pneumonia  was  prevalent 
in  the  winter.  Many  woodsmen  and  miners  came  into  Duluth  for  term¬ 
inal  hospitalization. 


This  is  a  machine  war — the  product  of  a  machine 
ager  In  our  depression  years  unemployment,  Itroken 
homes,  improvident  children,  unpractical  subsistence 
relief  or  pensions,  robbed  the  old  of  employment,  posi¬ 
tion,  honor  and  a  .place  in  the  community.  With  such 
ciying  need  for  all  possible  man  and  woman  power 
it  is  now  or  never  for  us  to  give  back  to  this  groiu) 
some  of  what  they  have  lost. 


LIFE  EXTENSION;  FOOD  AVAILABILITY;  EMPLOYMENT 

Life  extension  has  brought  great  social  and  economic 
problems  (table  1).  I  shall  add  but  few  of  the  figures 
now  so  freely  quoted.  The  most  striking  prediction 
concerns  that  “22,000,000  people  in  the  United  States 
over  65  years  of  age”  within  another  generation.  Up 
to  the  time  of  our  engagement  in  the  war  efiforts  and 
for  ten  previous  depression  years,  youth  was  held  back 
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from  ])r()(liicti()n.  'I'hose  discharged  over  50  found 
industry  hesitant  to  reemploy  them.  Now  we  face  a 
condition  wliere  retirement  after  65  promises  less  and 
less  as  taxes  and  living  costs  mount,  as  investment  pos¬ 
sibilities  narrow  and  pensioners  multiply.  In  the  offing 
there  is  always  the  specter  of  inflation.  At  present  few 
people  think  of  leisure  or  retirement ;  it  is  timely  to 
emphasize  the  great  advantage  of  cultivating  health, 
mental  poise  and  technical  skills  and  avoiding  obsoles¬ 
cence.  Since  the  turn  of  this  century  the  life  expec¬ 
tancy  of  white  babies  has  been  advanced  sixteen  years 
for  females  and  fourteen  for  males.  This  totals  up  to 
67.31  for  the  former  and  62.94  for  the  latter.  The 
immediate  and  pressing  issue  is  How  may  these  years 
he  made  worth  while?  Food  is  a  basic  requirement; 
the  amount  and  proportion  depend  on  the  individual  and 
where  and  how  he  lives.  It  may  he  said,  with  few 
exceptions,  that  to  deny  people  work  is  to  deny  them 
food.  Now,  when  production  is  so  much  in  the  fore¬ 
front  of  our  national  demands,  we  must  salvage  every¬ 
thing  possible,  and  certainly  not  the  least  item  in  this 
effort  is  the  group  concerning  which  I  write.  If  justice 
is  ever  to  obtain,  the  appeal  “Give  us  this  day  our 
daily  bread”  must  exclude  none.  The  way  to  give  it 
is  to  plan  that  all  able  shall  work;  doles  and  subsistence 
are  mockeries.  This  is  a  peace  program  with  which 
a  war  schedule  must  be  implemented.  Otherwise  we 
shall  still  he  at  war,  for  with  the  military  peace  we 
shall  continue  economic  war. 


THE  FALL.\CY  OF  FOOD  RESTRICTION  FOR 

the  aged 


A  stupendous  literature  dealing  with  nutrition 
accumulates.  I  append  references  to  certain  authors 
wliere  some  may  wish  to  know  the  source  material. 
The  resurgence  of  interest  in  dietetics  has  come  at  the 
same  time  with  a  reviving  interest  in  medical  geriatrics. 
Many  -  have  written  articles  based  on  the  medical  needs 
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of  the  aged.  There  is  a  new  edition  hy  d  liewlis  hnng- 
ing  np  to  date  the  pioneering  of  Nascher;  a  recent 
handbook  by  Boas  dealing  with  the  treatment  of  the 
iratient  after  50  is  well  arranged  and  docnniented,  and 
considerable  attention  is  paid  to  diets.  Cowdry  s  ®  com¬ 
pendium  from  various  authors,  including  physiologists, 
biochemists  and  psychologists,  is  most  readable  and 
informative.  Some  readers  will  be  displeased  that  so 
few  positive  factual  statements  may  be  made.  People 
around  the  world  live  well  on  the  most  varied  diets, 
each  satisfactory  as  decreed  by  custom  and  availability. 
If  the  reader  would  like  an  American  menu  for  elderly 
people,  there  are  available  countless  articles  where  these 
mav  be  consulted  and  individual  tastes  consulted.  Some 
statements  might  be  “factual”  if  more  were  known 
about  aging  as  a  process. 

For  reasons  hard  to  understand,  there  is  the  widest 
belief  that  the  elderly  should  be  abstemious.  The  few 
gluttonous  and  obese  have  visited  this  inhibition  on 
the  many  who  are  overconscientious  and  underweight. 
WT  should  start  with  the  dictum  of  Piersol  and  Bortz  ® 
“To  add  life  to  years  rather  than  years  to  life.”  That 
is  the  basic  motive  for  campaigning  for  better  nutrition 
for  the  aging.  What  we  are  looking  for  is  not  a  drag¬ 
ging  out  of  vegetative  almshouse  existence  but  the  pro¬ 
motion  of  real  efficiency.  The  human  being  attains  his 
full  bodily  development,  let  us  say,  by  40,  the  beginning 
of  his  fifth  decade.  Plis  next  decade  and  a  half  pits 
him  against  the  most  stressful  period  of  his  life :  the 
time  in  which  early  rheumatic  and  other  infections 
mature  and  cripple;  when  arterial  hazards  (coronary 
disease)  add  their  tragic  interruptions;  when  metabolic 
perversions  (obesity,  diabetes  and  gout)  appear— all 
when  his  business,  his  insurance  plans,  his  educational 
and  family  responsibilities  are  at  their  height.  And  this 
is  the  period  when  we  ask  him  to  prepare  himself  for 
the  seventh,  eighth  and  ninth  decades  which  present 
life  extension  tables  plainly  tell  him  are  “just  around 
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Social  Problem,  Ann.  Int.  Med.  12:964-977  (Jan  )^1939  Medical- 
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the  corner.”  This  is  no  longer  a  promise  or  ohjective, 
it  is  with  us  here  and  now  and  in  very  formidable  pro¬ 
portions.  Dominant  as  heredity  is  known  to  be,  we 
may  just  as  well  leave  it  out  of  the  discussion.  Each 
individual  must  accept  the  genetic  complement  fate  has 
assigned  him.  He  must  make  the  most  out  of  what 
he  has.  It  must  be  clear  that  no  one  may  expect  the 
most  from  the  later  age  decades  when  no  preparation 
has  been  made  in  adjusting  habits,  cultivating  something 
of  a  philosophical  attitude  toward  life  and  its  respon¬ 
sibilities  and  at  least  looking  about  among  friends  and 
neighbors  for  object  lessons  or  examples  of  men  and 
women  who  are  succeeding  in  various  stations  and  walks 
of  life  in  arriving  at  what  we  call  a  comfortable  and 
serene  old  age.  Age  is  feared  much  more  for  the  restric¬ 
tions  it  may  impose  than  the  promise  of  death.  The 
body  as  well  as  the  mind  must  be  trained  to  accept 
aging.  The  time  to  acquire  the  physical  and  mental 
deportment  with  which  to  get  the  most  out  of  life  in 
its  later  decades  is  in  middle  age.  The  neurosurgeon 
cannot  acquire  his  skill  for  the  successful  removal  of 
a  brain  tumor  when  the  patient  with  a  terrific  headache 
enters  his  consulting  room.  The  cultivation  of  proper 
food  habits  early  in  life  is  too  obviously  advantageous 
to  call  for  further  discussion  or  elaboration.  We  must 
learn  to  grow  old  skilfully  as  well  as  gracefully. 

Perhaps  “the  less  food  for  old  people”  fallacy  hinges 
on  the  supposition  that  for  them  energy  for  current 
expenditure  is  the  chief  item  and  therefore  carbohydrate 
and  some  fat  with  a  minimum  of  protein  suffice.  In 
any  case,  that  is  the  way  many  old  people  exist  but  do 
not  live.  All  living  creatures  are  interrelated  and  follow 
universal  laws  in  their  metabolism  and  growth.  Life  and 
its  products  are  handed  back  and  forth  between  living 
creatures  (plant  and  animal).  Nature  has  provided 
these  laws  of  balance  and  coordination.  Simpler  orgaiy 
isms  accept  them,  but  man  has  varied  notions  of  his 
own.  He  chooses  primitively  with  the  least  cultivated 
of  his  tastes.  The  result  is  a  diet  over-rich  in  refined 
flours  and  sugar.  He  misses  the  balanced  assemblages 
plant  life  has  integrated  and  domestic  animals  have  con¬ 
centrated  for  him.  They  do  it  better  than  he  can  plan 
it.  Hence  the  appeal  for  natural  foods,  including  animal 
products.  Human  growth  is  not  terminated  when  adult 
staiure  is  attained.  Witness  the  manner  in  which  the 
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atrophic  smooth  tongue  of  addisonian  aneniia  as^sumcs 
normal  size  and  coating  after  optimal  exhibition  of  liver. 
The  Lawrences  have  shown  with  Geiger  counters  how 
rapidly  tagged  iodine  is  picked  up  by  the  thyroid. 
Tagged  calcium  has  been  located  promptly  in  tooth 
enamel,  long  supposed  to  be  fixed,  inert  and  final  foi 
the  duration  of  life.  Rates  of  growth  vary,  but  the 
process  endures  with  life.  Repair  within  the  body  is 
a  continuous  process  and  in  such  organs  as  the  liver 
mav  be  stupendous.  Fixed  and  overspecialized  cells 
( retina)  must  also  be  undergoing  some  change,  as  is 
disastrously  connoted  when  the  blood  supply  is  even 
temporarily  interrupted.  In  that  sense  reproduction 
of  the  individual  as  a  unit  is  limited  by  age,  but,  in 
the  cellular  domain,  active  living  processes  demand 
nitrogenous  equilibrium  continuously.  The  tea  and 
toast  schedule  for  grandma  is  outmoded.  No  old  person 
is  a  walking  museum  piece — a  holdover  from  last  year’s 
crop — and  for  the  same  good  reason  must  not  be  treated 
like  a  barnacle  on  the  ship  of  state. 

Stieglitz  has  used  the  term  gerontology  to  cover 
a  study  of  the  aging  process,  in  contrast  to  geriatrics 
(care  of  the  elderly).  The  distinction  is  proper. 
Simms  ®  has  studied  Dublin’s  insurance  mortality  rec¬ 
ords  and  computes  that  our  young  adolescent  at  age  10 
is  the  healthiest  human  being :  only  one  in  eight  hun¬ 
dred  dies  at  that  age.  He  states  that  if  such  a  mortality 
were  maintained  the  life  span  would  stretch  out  to  550 
years!  Age,  as  a  name  for  what  Shakespeare  meant, 
when  he  wrote  “We  ripe  and  ripe  and  ripe;  and  then 
we  rot  and  rot  and  rot,”  while  indeed  baffling  to  scien¬ 
tists,  is  very  obvious  to  women  of  fashion.  They  are 
most  familiar  with  what  age  does  to  the  skin.  Roger 
Bacon  thought  age  concerned  the  withdrawal  of  water 
from  the  body  and  was  in  the  nature  of  wilting.  He 
was  well  informed;  fluid  balance  connotes  integrity. 
1  o  the  three  great  reserve  organs  of  the  body — the 

liver,  the  muscles  and  the  skin  (commonly  listed) _ 

I  would  presume  to  add  the  osseous  system,  not  only 
for  its  calcium  reserves,  but  for  the  housing  of  the 


A  J-'  The  Urgency  of  Gerontology,  News  Edition 

Am  Chem._S(K.  19:1147  (Oct.  25)  1941;  The  Potinlialitks  of  Pre’ 
ventive  Genatrics,  New  England  J.  Med.  325:  247-254  1941-  Apinp  as 
an  Indusmal  Problern,  J.  A.  M.  A.  116:  1183-1187  (MarcliH9n941 

_  8.  Simms,  Henry  S.:  The  Problems  of  Aging  and  of  Vasrnlar  n:c<. 
Science  95:  183-186  (Feb.  20)  1942.  B  a  a  oi  vascular  Disease, 
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iiii]K)rlaiit  areas  of  hematopoiesis.  Cannon  ventures  a 
l)ractical  explanation  of  age  without  entering  into  the 
chemist’s  discussion  on  collagen  metamorphoses ;  he 
says  age  witnesses  a  gradual  limitation  of  homeostasis 
wherein  such  body  constants  as  acid-base  equilibrium, 
body  temperature,  mineral  and  water  balance  are  still 
maintained  but  within  progressively  narrowed  limits. 
Physiologists  strive  to  produce  in  animals  counterparts 
of  the  human  diseases  they  are  studying.  I  was  sur- 
IM'ised  in  my  reading  to  learn  that  not  a  little  research 
has  been  done  with  the  lower  animals  on  the  problem 
of  age.  Simms  ®  has  made  a  plea  for  much  greater 
hnancial  support  for  research  along  the  lines  of  deter¬ 
mining  how  age  limits  physiologic  responses.  This  is 
directly  in  line  with  Stieglitz’s  gerontology.  Simms 
has  developed  a  method  of  sublethal  bleeding  of  stand¬ 
ardized  rats  of  various  ages.  The  older  rats  stood  the 
shock  (  Cannon-Blalock)  of  this  bleeding  with  “a  proba- 
bilitv  of  death  sixteen  times  greater  than  with  the 
younger  rats.”  Dearing,^'’  experimenting  with  digitalis 
and  Its  toxic  effect  on  the  heart,  l)rain  and  coronary 
blood  flow,  found  that  his  older  animals  did  not  with¬ 
stand  the  drug  nearly  as  well  as  the  younger.  One 
turns  from  these  laboratory  experiments  to  the  obvious 
deductions  of  the  sports  writers.  The  prize  fighter  is 
out  by  age  .30,  the  baseball  player  by  35,  and  now  we 
are  told  that,  to  meet  the  demands  of  the  “Idackout” 
incidental  to  dive  bombing,  only  the  youngest  aviators 
are  able  to  withstand  this  rigorous  test.  Fulton  has 
written  on  the  “acceleration  factor,”  the  mechanical 
process  by  which  the  swerving  plane  drives  the  blood 
centrifugally  so  that  the  flow  does  not  accommodate 
rapidly  enough  to  the  change  of  direction  of  flight  so 
that  blood  attains  the  higher  centers.  So  the  youngest 
and  sturdiest  are  chosen  to  sustain  these  enormous 
stresses  because  thev  better  retain  consciousness.” 
Youth  is  able  to  establish  records  in  the  shorter  sprints 
and  hurdles,  but  when  prolonged  effort  is  displayed 


u  •  Tlip  Effect  of  Digitalis  on  the  Heart,  Brain, 

Mr  & 

95:207-212  fFeb.  27)  1942.  i„ftvunffp  has  found  that  its 

11.  According  to  l-'ulton  s  article,  h  .  jr  i,ave  been  fed 

youngest  recruits  better  withstand  the  blackout  if  they  nave 

large  portions  of  beefsteak.  ' 
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(distance  runners,  sand  hog  workers)  older  men  have 
an  advantage  accruing  from  skill  and  husbanding  their 
strength.  Industrialists  should  remember  this.  Free¬ 
man  and  others,  studying  shock,  stress  the  factors  of 
exposure,  cold,  fatigue,  blood  loss  and  water  loss.  Shock 
is,  in  part,  an  exaggeration  of  situations  beginning  as 
discomforts  and  mounting  to  dire  upsets  of  homeostasis 
and  challenging  the  integrity  of  the  individual  by  dis¬ 
sociating  the  orderly  functioning  of  system  organs. 
Elderly  people  have  simpler  names  for  chills,  fatigue 
and  exhaustion.  Food  and  drink  exhilarate  as  does 
nothing  else.  Add  sleep  and  you  have  recuperation. 
Periodic  starvation  has  no  place  in  the  care  and  con¬ 
ditioning  of  the  old  and  is  one  of  many  useless  middle 
age  fads.  This  is  the  background  for  practical  sugges¬ 
tions  I  shall  make  in  terms  of  when  and  what  to  eat. 


FOOD  AND  THE  CARDIOVASCULAR  SYSTEM 


“A  man  is  as  old  as  his  arteries.”  This  statement 
has  been  too  long  accepted  by  clinicians.  VVe  look  at 
an  older  person  and  then  palpate  the  peripheral  arteries. 
“Peripheral  vascular  disease”  is  a  category  that  covers 
many  difficulties  experienced  by  the  aged.  Certain 
chapters  in  Cowdry’s  book  discuss  a  dissociation  of 
aging  and  arteriosclerosis — the  former  a  natural  process 
beginning  before  birth,  the  latter  an  unnatural  acquisi¬ 
tion  so  common  that  many  think  it  universal.  We  face 
a  medical  problem  when  many  in  the  prime  of  life 
die  with  1  centimeter  or  less  of  thrombus  in  the  branch 
of  an  atheromatous  coronary  artery,  while  many  octo¬ 
genarians  are  hale  and  hearty  with  most  of  their  larger 
arteries  laid  down  in  concrete.  Wherein  does  the  ques¬ 
tion  of  diet  enter  into  this  discussion  ?  Is  aging  hastened 
by  overeating  ?  Does  abstemiousness  promise  a  long 
life?  The  answers  to  these  and  many  similar  questions 
are  not  forthcoming,  but  the  statement  by  Simms  that 
many  useful  years  may  yet  be  added  through  life  exten¬ 
sion  when  science  discovers  how  to  prove  the  afore¬ 
mentioned  dissociations  and  produce  specific  inhibitors 
points  the  way.  In  the  meantime  we  may  learn  some¬ 
thing  by  looking  about  us ;  and,  while  clinical  observa- 
tions  may  be  loose  and  indefinite,  Spies  has  significantlv 


Freedman,  II..  and  Miller,  C.  C.;  Production  of 

Shock  by  Proloii^ged  Continuous  Injection  of  Adrenalin  in  Unanesthetized 
Dogs,  Am.  J.  Physiol.  131  :  545-553  (Jan.)  1941.  unanesthetized 


374 


EDWARD  L.  TV  GUY 


commented  that  our  knowledge  of  the  avitaminoses  has 
been  substantially  advanced  by  such  observations  and 
by  testing  out  the  newer  pharmaceutic  vitamins  and 
ordering  better  foods. 

There  is  also  considerable  difference  of  opinion  as 
to  just  how  much  over  or  under  nutrition  exists  in  our 


country,  in  different  states  and  among  different  classes 
of  people.  Chapter  XXII  (Stiebeling)  will  discuss  that 
issue  based  on  her  extensive  observations  and  studies 
in  association  with  the  United  States  Department  of 
Agriculture.^^  I  think  undernutrition  produces  more 
physiologic  disturbances,  but  overnutrition  (fat)  may 
hasten  the  development  of  more  pathologic  change. 

Living  in  a  rich  agricultural  state,  I  do  not  see  very 
many  people  needlessly  undernourished.  By  proper 
planning  and  marketing  and  with  attention  to  the  meth¬ 
ods  discussed  in  chapter  XVI  (Cowgill)  most  of  the 
borderline  or  marginal  degrees  of  undernutrition  which 
we  uncover  are  economically  unnecessary  and  stem  from 
social  maladjustment,  anxiety  states  and  outmoded 
medical  advice.  Undernutrition  reduces  vitality  and 
well-being  much  more  than  it  hastens  decline  or  senility. 
It  is  hard  to  believe  that  “optimum  nutrition”  could 
endanger  anybody’s  vascular  system.  The  trouble  lies 
in  finding  an  “optimum  diet” — because  it  varies  with 
every  locale,  every  people,  employment  and  individual 
purpose;  and  nature  has  distributed  around  the  world 
the  widest  assortment  of  adequate  food  sources.  Some 
may  like  a  “short  life  and  a  merry  one” — at  least  at 
middle  age  that  is  their  choice.  Whatever  the  process 
by  which  it  is  brought  about,  70  per  cent  of  our  Duluth 
Clinic  patients  are  dying  of  cancer  and  cardiovascular- 
renal  disease  (including  cerebral  hemorrhage).  This 
figure  for  cancer  (18  per  cent)  is  higher  than  the 
Minnesota  State  Board  of  Health  figures  (14  per  cent) 
for  1941  and  represents  a  higher  than  average  of  older 
people  in  our  clientele.  The  approximate  50  per  cent 
of  cardiovascular  renal  disease  is  the  same  as  Simms’s 
claim  for  all  deaths  over  age  10.  I  have  checked  these 


13.  This  department  publishes  a  long  list  of  studies  full  of  interest  and 

''’^4'”Thi's"‘study  is  part  of  a  sampling  of  our  records,  with  especial  ref- 
carefully  traced,  covering  patients  of  all  ages  whom 


15.  This  is  the  group  in  which  gerontologic  research  may  h*  most  pro¬ 
ductive  (Simms). 
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figures  from  four  old  line  life  insurance  companies, 
and  I  present  in  table  2  the  results  from  one  of  them. 
The  others  are  almost  identical.  This  detail  of  end 
results  tells  little,  of  course,  relative  to  incapacity  and 
sickness  among  the  group  I  am  discussing.  From  many 
studies  dealing  with  the  prognosis  in  degenerative  heart 
disease  it  would  be  fair  to  state  that  there  is  an  average 
illness  (partial  or  complete)  of  about  two  years.  Dur¬ 
ing  that  time  diet  is  a  part  of  the  treatment  and  is  sub¬ 
ordinated  thereto.  Unless  some  newer  food  components 
(biotin)  can  be  proved  to  be  carcinogenic,  preventive 
measures  (diet)  in  terms  of  about  three  fourths  of 
our  deaths  are  very  much  in  that  current  state  of  “too 
little  and  too  late.”  Table  3  shows  clearly  enough  that 


Table  2. — Causes  of  Death *  * 

V 


Circulatory  diseases  (heart  disease,  apoplexy 

and  so  on) . 

Cancer  and  other  malignant  tumors . 

Violent  deaths  (automobile,  suicide,  aviation) 
Respiratory  diseases  (tuberculosis,  pneumonia, 

influenza)  . 

Digestive  and  genitourinary  diseases  (diabetes, 
nephritis,  ulcer,  liver) . 


Year 

”  1941 

1931 

1921 

48.2% 

32.8% 

25.4% 

10.1 

10.2 

10.6 

9.4 

16.9 

14.1 

8.6 

14.6 

19.3 

7.6 

12.2 

16.9 

*  From  Provident  Mutual  Life  Insurance  Company. 

the  life  line  of  our  people  is  rather  well  extended.  Tt 
prompts  me  to  add  “I  should  tell  them  how  to  eat  and 
how  to  spare  their  arteries !” 

THE  SOCIAL  AND  ESTHETIC  ASPECTS  OF  EATING 
No  discussion  on  the  subject  of  diets  for  the  elderly 
should  leave  out  some  tribute  to  food  based  on  values 
other  than  its  caloric  content.  Religious,  national  and 
family  feastings  on  holidays  have  been  such  a  civilizing 
influence  that  any  campaign  for  better  nutrition  must 
never  overlook  the  spiritual  and  social  resources 

•  arising  from  the  table  or  the  sharing  of  food.  While 
vacillating  between  the  dangers  of  undereating  and 
overeating  (a  fair  optimum  diet)  I  must  not  appear 
to  conilone  the  gourmand.  Women  are  much  more 
susceptible  to  food  faddisms  than  men,  and  fashion  is 
apt  to  dictate  the  basis  on  which  many  dige.stive  neu- 
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roses  develop.  Dorothy  Dix  avers,  apropos  of  woman’s 
destiny,  “They  seem  either  to  become  skeletons  or  feather 
pillows.”  It  is  either  a  “feast  or  a  famine”  with  all 
too  many  ])eople.  Prentice  shows  that  that  is  history 
repeating  itself.  Hunger  is  a  natural  instinct  with  the 
young ;  it  is  often  a  luxury  with  the  old.  Food  must 
he  made  attractive.  The  atmosphere  should  be  condu¬ 
cive  to  liveliness  and  some  approximation  of  what 
Edwin  Markham  calls  man’s  primary  needs :  bread, 
l)rotherhood  and  beauty.  W’e  need  a  modern  Brillat- 
Savarin  with  ability  to  popularize  the  nutritional 
nuggets  today’s  science  provides  us  in  the  manner  in 
which  he  ])opularized  esthetic  living  and  dining. 


PRACTICAL  GUIDANCE 


1.  Protein  (chapter  II,  Lewis). — The  need  of  pro¬ 
tein  at  all  ages  is  now  so  well  estalilished  that  little 
argument  need  be  advanced.  A  few  simple  statements 
for  the  unconvinced  should  suffice.  Note  how  the 
“essentialness”  of  the  amino  acids  keeps  step  with  the 
components  of  B  complex  and  B^.  I  wish  especially 
to  illustrate  the  significance  of  the  liver  in  homeostasis. 
Goldschmidt,  \'ars  and  Ravdin  noted  the  liver  pro¬ 
tecting  faculties  of  protein  in  their  experiments  with 
dogs  poisoned  by  chloroform.  Whipple  s  thesis  that 
animal  protein  bufifers  the  liver  for  blood  plasma  resto¬ 
ration  is  being  augmented  each  month  by  various 
reports,  all  supporting  the  conclusions  that  protein  safe¬ 
guards  the  normal  liver,^»  even  as  dextrose  (Mann  and 
Bollman)  tides  over  the  damaged  liver.  Philip  Brown 
advises  a  high  protein  diet  in  ulcerative  colitis  in  order 
to  ])rotect  the  liver.  The  papers  by  Patek  and  Butt 


16. 

Crowi 


Brillat-Savarin,  Jean  Antheline:  The 
nshield  translation  from  original).  New 


Physiology  of  Taste  (Frank 
’  York,  Boni  and  Liveright, 


m  .-Vimi’rtt  S  •  Vars  H  M-.  and  Ravdin,  I.  S. :  The  Influence 
r  p  on  the^  SuscepUbnUy  of  the  Liver  to  Injury  by  Chloroform 

PrlSfe  Mels  of  Tl.eir  Ae.ion.  J.  Clin.  I,.ves,iga.io,..  18: 

Ceofire  H  '  Production,  Utilization  and  Significance  of 
the’ Minnesota  Pathological  Society. 

'°ir^;h^"rer^re?vli"ri;:cf  to  tl.  famnous  -uncle 

Bim”— his  resources  are  ever  drained  but  never  \  G^strointes- 

on  -Rrown  PhiHn  W  •  Suggestions  as  to  Diet  in  Certain  uastroimes 
tin“al  C^nditionf.  University  of  Minnesota  Continuation  Course  ...  Dietetics, 

AlcohoUc  Cirmosis  of  the  Liver 
wifh  High  VittuTTheiapy.  Proc.  Soc.  Ex,.r.  Biol.  &  Med.  37:329-330 
(Nov.)  1937. 
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and  Snell"  show  the  trend.  Starvation  edema  is  a 
matter  of  inadequate  protein  and  liver  efficiency.  Space 
])ermitting,  I  could  illustrate  some  of  the  follies  of 
“arthritis.”  “colitis”  and  nondescript  diets  that  decried 
the  use  of  meat.  A  neglected  and  abused  liver  sets 
the  individual  toward  a  toppling  over  of  his  homeo¬ 
stasis.  W'e  may  put  down  then,  as  our  first  duty  to 
the  aging,  Teach  them  the  importance  of  piotein  and 
how  to  get  their  quota,  no  matter  how  old  they  are, 
1  Gm.  per  kilogram  of  body  weight.  The  pellagrin  and 
the  alcoholic  addict  with  tremens  prove  how  dependent 
the  brain  is  on  the  liver. 

Unfortunately,  animal  protein  is  expensive.  Preser¬ 
vation  and  refrigeration  add  further  costs.  (Consuli 
chapter  XV,  Kohman.)  Those  purveying  food  are  in 
full  accord  with  the  present  nutritional  program. “■* 

T.'Vbi.k  3. — Cardiovascular  Deaths  in  Minnesota  for  1940 


Total  for  such  deaths.. 

Rate  per  100,000 . 

00  years  and  over . 

80  years  and  over . 

Death  certified  from; 

Myocardial  disease 
Coronary  disease  . 


7,693 

276.6 

79.8% 

24.7% 


28.4%  ? 
36.6%  S 


64.0% 


Utilizing  the  cheaper  cuts  of  meat  and  making  them 
palatable  is  a  task  for  properly  advised  cooks,  taught 
to  develop  an  American  goulash,  but  with  a  seasoning 
.suitable  to  the  American  palate  and  without  too  much 
fat.  (Consult  chapter  XVI,  Cowgill.)  We  may,  if 
harder  put,  learn  to  appreciate  soy  beans.  It  is  a 
matter  of  education.  It  is  distinctly  possible  to  be  a 
vv^ell  fed  vegetarian  if  milk,  butter  and  eggs  and  cheese 
are  plentiful  and  time  is  no  object.  Primitive  peoples 
of  our  own  times  could  teach  us  how  the  better  to 
utilize  the  vitamin  rich  viscera.  1  he  occasional  azotemic 
patient  and  the  gouty,  at  some  stage  in  their  imbalance. 


22.  Butt,  H.  R.,  and  Snell,  A. 
Cirrhosis  of  the  Liver,  Proc.  Staff 
22)  1942. 


M.;  Recent  Trends  in  Treatment  of 
Meet.,  Mayo  Clin.  17:  250-254  (April 


23.  It  IS  estimated  that  one  person  in  five  living  beyond  65  will  need 
segregation  for  mental  aberrations. 

24  It  was  announced  recently  that  fifteen  leading  food  disnensimr  enr 
porations  had  estab  ished  a  million  dollar  fund  with  Karl  Comptorif  the 
Massachusetts  Institute  of  Technology  in  charge  to  make  suTe"^  that  their 
re.searches  and  plans  were  right.  ■ 
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should  have  a  low  protein  intake ;  nearly  every  other 
indication,  so  much  a  part  of.  books  on  diet,  is  a  relic 
of  a  period  in  which  attention  was  paid  to  the  appear¬ 
ance  and  consistency  of  food  and  very  little  to  its  min¬ 
eral,  vitamin  and  chemical  content. 


2.  Fat  (consult  chapter  III,  Bloor). — This  is  the  food 
with  which  excess  may  well  be  dangerous,  but  leaving 
out  what  is  needed  is  fatal.  Burr  has  demonstrated 
the  essentialness  of  certain  fatty  acids,  particularly  in 
terms  of  growth,  milk  production  in  cattle  and  vitamin  B 
economy.  Hansen,  working  with  him,  has  been  able 
to  clear  up  some  very  trying  instances  of  eczema  and 
dermatitis  in  children  through  feeding  of  certain  selected 
fatty  acids.  Fat  improves  the  taste  of  everything.  It 
is  the  good  cook’s  delight.  For  the  vigorous,  it  invites 
overindulgence ;  even  if  it  does  not  “burn  in  the  flame 
of  the  carbohydrate”  both  are  very  compatible  (as  the 
obese  well  know)  and  energy  is  released  without  the 
specific  dynamic  action  loss  characteristic  of  protein. 
Fat  spares  all  reserves,  including  vitamin  B  and  pro¬ 
tein.  But  when  it  isn’t  properly  utilized,  it  clogs  up 
the  liver. 

Biochemists  and  physiologists  are  baffled  in  attempts 
to  trace  fat  through  the  human  body  and  understand 
its  interrelations  with  other  food  elements.  In  con¬ 
trast,  a  lay  knowledge  which  coined  the  phrase  “living 
on  the  fat  of  the  land”  acclaims  a  great  and  popular 
appreciation  of  fat.  The  housewife  chooses  the  beef 
where  the  muscle  is  well  interlarded  with  white  fat. 
Her  husband  chooses  brown  ties  to  match  the  gravy. 
For  heavy  work  in  low  temperatures  where  much 
energy  is  expended,  fat  is  the  chief  resource.  Finnish 
woodsmen  in  northern  Minnesota  have  shown  me  how 
they  choose  the  fattest  of  salt  pork;  with  amazingly 
sharp  knives  they  sliced  this  oflf  and  sandwiched  slabs 
of  it  between  the  bisected  halves  of  firm,  hard  loaves 
of  bread.  As  they  took  a  bite  through  this  sandwich, 
I  was  told  that  some  with  inadequate  teeth  used  the 
same  sharp  knife  to  sweep  the  mouth  free  from  the 
segment  without  displacing  a  single  whisker !  With 
copious  draughts  of  well  sweetened  coflfee  and  condensed 
milk,  these  men  could  work  prodigiously  in  subzero 


25.  Hansen.  A.  E.,  and  Burr,  G.  O. :  Proc.  Soc.  Exper.  Biol.  &  Med. 

^concentrated  diet  was  really  an  outpost 
occupy  a  shack  for  ten  days  at  a  time,  then  go  back  to  their  homes. 
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weather,  feel  comfortable  and  maintain  their  weight. 
“How  about  venison?”  I  asked.  They  looked  very  sad 
and  replied  “No  good.”  “Eat  big  hunks,  just  like  hay.  ’ 
Nature  herself  augmenting  the  efforts  of  the  game 
warden ! 

The  results  of  Leary’s  rabbit  experiments,  in  which 
he  fed  large  amounts  of  cholesterol,  have  not  been 
entirely  refuted.  He  did  prove  that  in  the  rabbit  it 
seeped  through  the  intima.  Interest  centers  in  the 
background  of  what  cholesterol  phagocytosed  into  the 
subintimal  layers  of  the  coronaries  may  later  do  in 
encouraging  coronary  inadequacy,  sclerosis  and  throm¬ 
botic  pluggage.  Hurxthal,-^  who  has  given  much  study 
to  the  subject  of  cholesterol  (myxedema  and  related 
states),  offers  no  especial  support  to  Leary’s  theory. 
From  Isidore  Snapper  comes  a  lively  observation 
apropos  of  his  recent  experience  in  Japanese  invaded 
China.  He  agrees  with  many  other  Occidental  exchange 
professors  who  have  reported  from  the  Orient  that 
the  incidence  of  hypertensive  disease  and  coronary 
complications  is  much  less  there  than  with  us  and 
implies  that  we  have  too  much  butter  and  cream  at 
our  plates.  Snapper  made  a  significant  and  naive 
observation  to  the  effect  that  the  very  polite  Chinese 
imparted  to  him  the  news  that  we  Occidentals  exude 
an  unmistakable  bovine  aroma.  Lest  this  be  taken  as 
a  facetious  implication,  a  recent  report  by  Crohn  and 
Drosd,^^  dealing  with  the  mechanism  whereby  garlic 
taints  the  breath,  showed  that  it  is  a  matter  of  absorp¬ 
tion  and  reaches  the  blood  stream  via  the  liver  and 
thence  to  the  lungs.  Perhaps  certain  systems  are  sur¬ 
feited  with  fat,  and  strawberry  gallbladder  and  stones 
may  not  be  the  greatest  insult  resulting. 

Recently,  at  a  large  clinical  panel  discussion,  the 
(|uestion  was  put  to  Tinsley  Harrison  “If  you  had  a 
patient  with  a  family  history  of  coronary  disease,  espe¬ 
cially  with  thrombosis,  would  you  advise  the  limitation 
of  fat  in  the  diet  ?”  He  answered  affirmatively.  I  agree 
with  him.  Patients  with  gout  (attacks  precipitated  by 
rich  fatty  foods)  are  very  liable  to  coronary  sclerosis. 


27.  Hurxthal,  L.  M.,  and  Simpson,  H.  N. ;  Hypothyroidism 

Endocrinol.  1  :  450-452  (May)  1941 
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Such  clinical  ex’idencc  should  not  he  undervalued,  at 
least  until  more  is  known  about  fat  metaholism.  It  is 
my  opinion  that,  if  10  per  cent  of  the  necessary 
calories  for  the  inactive  elderly  person  are  derived  from 
fat,  the  bodily  needs  will  be  safeguarded.  Some  criti¬ 
cism  of  the  higher  caloric  intake  now  advised  for  our 
recruits  and  practiced  by  our  athletes  is  heard.  There 
is  the  immediate  effect  (weight  and  mobility  of 
recruits)  and  the  remote  effect  (habits  of  eating  during 
forced  exercise)  incompatible  with  later  sedentary  lives. 

3.  Carbohydrate,  Vitamins  and  Minerals. — Under 
this  heading  I  choose  to  say  little  about  their  obvious 
virtues.  I  have  tried  to  weave  into  this  discussion  a 
pattern  that  implies  the  great  advantage  of  keeping 
nature’s  nutritional  formulas  intact ;  by  avoiding  over¬ 
refinement  or  processing,  by  getting  a  balanced  ration 
and  all  the  bodily  needs  will  be  contained  therein. 
Age  imposes  certain  deprivations — appetite,  digestion, 
absorption — so  that,  even  when  a  reasonal)le  diet  is 
consumed,  certain  deficiencies  result.  This  may  well 
occur  even  when  ol)esity  is  present.  The  mouth  (includ¬ 
ing  the  tongue,  lips  and  fauces)  has  become  the  nutri¬ 
tional  barometer.  Ivy  states  that  gastric  acidity  slows 
up  after  20,  achlorhydria  increases  considerably  after 
40;  by  65,  35  per  cent  of  people  do  not  secrete  acid 
after  a  meal  and  28  per  cent  show  no  response  to  hista¬ 
mine.  Those  losing  their  teeth  (often  without  good 
reason,  focal  infection)  frequently  go  through  a  period 
of  adjustment  to  dentures  when  appetite  slumps  and 
subnutrition  ensues.  Lower  plates  are  rarely  secure. 
Sturdy  square  jawed  people  accommodate  well  to  den¬ 
tures,  whereas  neurotic  and  anxious  individuals  with 
natively  poor  bites  or  narrow  receding  mandibles  find 
themselves  unhappy.  1  he  former,  with  dental  plates, 
say  “These  store  teeth  are  better  than  my  own.’’ 
The  latter  try  one  dentist  and  denture  after  another. 
4'he  prophylaxis  for  their  dilemma  goes  back  two  to 
five  decades.  Is  diet  at  fault?  Weston  Price  thinks 
so.  All  nutritionists  should  read  his  book.  He  has 
gathered  information  from  all  around  the  woild.  The 
illustrations  alone  would  seem  to  prove  his  thesis .  nati\  e 

3l!  Adilorhydda  pr^l'^poses  to  clecalcification,  enteritis,  diarrhea  and 

^^32'l^Prlce,'^  Weston  A.;  Nutrition  and  Physical  Degeneration,  New  \ork, 
Paul  B.  Hoeber,  Inc.,  1939. 
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peoples  (on  the  most  varied  source  foods),  when  they 
get  a  balanced  food  and  avoid  overrefinement  of  flours 
and  sugar  excesses,  bear  children  with  properly  formed 
jaws;  the  teeth  are  regularly  spaced  and  both  gums  and 
teeth  survive.  On  the  contrary,  as  soon  as  they  move 
to  a  region  where  overrefined  carbohydrate  in  excess 
is  available  they  promptly  lose  their  teeth.  Ihe  story 
is  the  same  whether  it  concerns  the  cloistered  group 
in  the  upper  valleys  of  the  Swiss  Alps,  the  Hebrides 
Islands.  African  jungle  tribes  or  our  Eskimos  and 
Indians.  On  the  other  hand,  this  thesis  has  so  far 
little  support  from  our  leading  dental  colleges.  Irwin 
has  collected  a  questionnaire  from  eight  teachers  holding 
])rofessorships  in  basic  university  departments  of  medi¬ 
cine  and  dentistry  in  the  United  States.  Five  questions 
were  posed  bearing  on  caries  and  pyorrhea  alveolaris, 
resistance  thereto,  the  effect  of  diets  on  pregnant  women, 
the  babies’  teeth,  dentition  and  general  development. 
Opinion  or  belief  that  diet  was  of  little  import  shaded 
into  the  belief  expressed  by  a  few  that  nutrition  was 
the  basis  of  all  caries  and  pyorrhea.  I  believe  that  this 
is  one  of  the  most  pressing  nutritional  problems  before 
us  today.  The  lack  of  unanimity  I  mention  is  little 
short  of  alarming.  The  dental  and  medical  professions 
have  drifted  too  far  apart.  Harvard  UnivHsity’s  plan 
to  remerge  them  is  opportune. 

Twenty  per  cent  of  the  first  draft  recruits  could 
not  qualify  because  of  inadequate  teeth.  Surely  some¬ 
thing  is  wrong,  and  the  best  lead  we  have  involves  diets. 
Bleeding  gums  are  controlled  in  most  people  by  ade¬ 
quate  citrous  fruits;  so-called  trench  mouth  is  an 
avitaminosis :  when  tissue  dies  the  Vincent’s  organisms 
multiply.  The  deeper  deprivations  that  come  from 
faulty  absorption  from  the  gastrointestinal  tract  or  from 
diarrheas  are  pathologic.  At  the  same  time  we  do  not 
know  to  what  extent  the  age  factor  produces  alterations 
of  absorption  and  metabolism  for  which  it  isn’t  feasible 
to  get  all  the  essential  vitamin  and  mineral  even  from 
a  diet  that  is  adequate.  There  is  a  good  field  here  for 
vitamin  reinforcement. 

\  itamins  have  not  been  overemphasized,  but  the  pub- 
hc  (at  least  fifty  million  dollars’  worth  of  vitamin  prepa- 


3Jf20l''1oct.T'594P-'  Northwest  Dentistry 

34.  Among  our  families  in  the  highest  income  hrarCet  •  , 

need  orthodontic  adjustment  of  thefr  teeth  and  jaws  ’Teet^h  thnf®  1 
by  braces  are,  in  my  experience,  apt  to  he  short  liv^d  ^  pulled 
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rations  was  sold  in  the  United  States  last  year)  and 
doctors  have  taken  the  vitamin  detour  to  supposed 
nutritional  sufficiency  and  are  using  various  vitamin 
compounds  as  they  would  “bitter  tonics.”  The  Journal 
(through  the  Council  on  Foods  and  Nutrition  and  the 
Council  on  Industrial  Health  has  given  a  clear  state¬ 
ment  of  that  fallacy,  and  it  applies  in  part  to  the  field 
of  my  discussion.  Among  segregated  groups  of  the 
elderly  there  is  a  place  for  evaluating  the  benefit  of  cer¬ 
tain  selected  vitamins,  food  enforcement  with  scientific 
controls.  This  has  been  reported  on  by  Stephenson  and 
his  co-workers  in  England.  There  was  an  advantage 
of  such  enforcement.  I  have  found  many  situations 
and  reported  on  a  few  in  which  such  utilization  in  the 
old  induced  a  health  transformation. 

Closely  related  to  the  tooth  problem  is  that  of  calcium 
and  phosphorus  ratios  in  the  body.  Among  the  elderly 
(women  more  than  men)  senile  osteoporosis  frequently 
is  found.  Albright,  Smith  and  Richardson  have 
linked  this  up  with  an  endocrine  (internal  vitamin) 
estrogenic  deficiency.  Gardner  and  Black  have  reported 
less  dense  bone  shadow  (x-rays)  in  many  nervous  and 
underfed  individuals  witli  irritable  colons.  Hip  frac- 
lures  are  common  and  often  fatal;  telescoping  of  the 
vertebra  (with  root  pains  and  confusion  with  angina) 
occurs  after  insignificant  trauma.  By  whatever  method 
we  try  to  recalcify  such  bones,  the  results  are  discour¬ 
aging.  I  stress  this  to  question  the  use  of  milk  as  a 
source  of  calcium  for  old  people.  They  do  not  need 
the  fat  in  whole  milk;  skim  milk  is  constipating  if 
taken  in  large  amounts  and  bulky  foods  promoting 
residues  are  left  out.  Cheese,  buffered  with  vegetables, 
is  more  practical. 

Water  is  too  often  neglected.  Coffee  and  tea  are 
i)referable  to  chocolate,  and,  aside  from  encouraging 
insomnia,  few  suffer  from  their  abuse.  When  not  too 
strong,  even  in  advanced  years,  these  help  greatly  to 
keep  lip  fluid  intake.  They  are  too  often  left  out  on 
rather  poor  excuses.  _ _ 


35  Indiscriminate  Administration  of  Vitamins  to  Workers  in  Industry. 
Council  »  and  NulrMon  and  (he  Conned  on  Indnslr.al  Hc.i.h, 


Albright.  Fuller;  Smith,  Patricia  11.  and  A"""*,  ?Jj  j 

Postmenopausal  Osteoporosis;  Its  Clinical  Features,  J. 

2465-2474  (May  31)  1941. 
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operations  after  sixty-five 

Surgery  for  the  elderly  (cancer,  gastrointestinal, 
genitourinary  and  central  nervous  system)  is  a  test 
that  many  elderly  must  ineet.  Few  prepare  for^  it. 
Emergencies  shorten  the  period  of  possible  pi  epaiation. 
'Fhe  medical  attendant  has  a  heavy  responsibility  which 
the  surgeon  should  share  with  him.  At  the  same  time 
necessary  surgery  must  not  be  withheld,  because  many 
of  the  elderly  do  astonishingly  well  even  when  the 
severest  operations  are  done. 

Wilcox  and  Clagett,"*  reporting  from  the  general 
surgical  sections  of  the  Mayo  Clinic  for  1939  and  1940, 
listed  1,204  such  patients  over  65  operated  on.  ^  The 
mortality  was  not  high  (8  per  cent)  for  benign  disease 
and  operable  cancer  and  16  per  cent  for  inoperable 
cancer  and  palliative  operations.  However,  only  20 
per  cent  (one  in  five)  failed  to  have  some  significant 
postoperative  complication.  Naturally  these  were  in 
the  nature  of  cardiovascular  insults  (thrombophlebitis, 
embolism,  pulmonary  atelectasis  and  cerebral  and  kidney 
complications).  This  is  what  we  all  see  within  this 
group.  What  better  preparation  could  they  have  had 
than  even  a  fair  nutritional  balance?  Added  incentive 
to  “keep  your  body  as  fit  as  you  can  as  long  as  you 
can”  arises  from  the  great  likelihood  that  some  major 
operation  or  infection  is  in  the  offing.  These  operations 
are  part  of  the  price  we  shall  pay  for  both  the  fuller 
and  the  longer  life. 


GENERAL  SUMMARY  OF  DIETARY  SUGGESTIONS 
FOR  THE  OLD 


1.  Elderly  people  should  start  the  day  with  a  good 
breakfast.^®  It  should  include  some  substantial  protein,* 
and  whatever  else  depends  on  body  weight  and  activity. 
Protein  adequacy  must  be  maintained  at  all  ages. 

2.  As  effort  lessens  and  sedentary  life  supervenes, 
weight  rise  or  fall  should  dictate  the  proportion  of  carbo- 


38.  Wilcox,  L.  E.,  and  Clagett,  O.  T.:  Surgical  Procedures  on  Patients 

Clin.  16:  75  (Dec.  10)  1941. 
39.  Thorn,  Geo.  W.;  Quimby,  John  T.,  and  Clinton,  Marshall,  Jr  • 
A  Comparison  of  the  Metabolic  Effects  of  Iso-Caloric  Meals  of  Varyine 
Composition  with  Special  Reference  to  the  Prevention  of  Postprandial 
Ilypoglycemic  Symptoms,  Annals  of  Internal  Medicine  18 :  913^(June) 


An  article  published  since  this  chapter  appeared  in  The  TniiPNii 
comfTr^  evidence  as  to  the  personal  efficieS  and 

-.h,  pr,lo‘ntr.'e„s°e'  .tTnTlgVhYcrf&h'a  *'“"1 


lUnVARn  L.  TUOIIY 


hydrate  taken,  and  as  much  of  this  as  jwssible  should 
he  from  whole  grain.  \\  hile  bran  is  objectionable 
cracked  wheat  ])roducts  are  not.  Enriching  flour  may 
be  a  good  expedient  but  the  objection  to  dark  breads 
should  be  lived  down.  Potato  is  the  next  best  starch. 

the  obese,  vegetables  and  fruits  should  act  as 
the  “fillers”  and  provide  appetite  and  zest  for  eating 
by  meticulous  preparation  and  serving. 

4.  The  elderly  should  eat  fat  sparingly,  even  as  the 
middle  aged  should  use  it  cautiously.  The  high  choles¬ 
terol  sources  (egg  yolk,  cream  and  animal  fats)  should 
probably  be  curtailed  wherever  body  build,  family 
history  and  other  indications  portend  atherosclerosis. 
It  is  the  one  decisive  indication  for  dietary  restriction 
after  full  stature  has  been  attained.  The  danger  of 
high  blood  cholesterol  is  not  universal. 

5.  Tea,  cofifee  and  alcohol  are  useful  stimulants.  The 
abuse  of  alcohol  places  it  for  some  people  in  the  category 
of  both  refined  carbohydrate  and  animal  source  fat. 
As  a  vasodilator  it  inspires  as  well  as  flushes  the  aged. 
One  cannot  say  as  much  for  tobacco.  It  soothes  and 
cuts  ofif  circulation.  The  quiet  postprandial  puff  is 
rapidly  becoming  a  continuous  process.  Tobacco  is 
safer  after  60  than  before,  because  age  has  by  that 
time  made  the  blood  vessels  less  elastic  and  labile. 

6.  Food  and  water  (hot  drink)  taken  at  regular 
intervals  revive  the  old.  Food  becomes  the  best  sleep 
])roducer  even  though  early  wakefulness  follows.  Fruit 
juices  add  the  needed  vitamin  content. 

7.  Plunger  lessens  as  age  advances.  Foods  useless 
calorically  (condiments,  broth,  relishes)  have  a  place. 
The  teeth,  gastric  acidity,  probably  absorptive  powers, 
vitamin  storage— all  begin  to  fail  with  age.  We  are 
able  to  compensate  for  these  losses  with  vitamins,  iron, 
calcium,  hydrochloric  acid  and  a  balanced  diet.  The 
mouth  becomes  the  nutritional  barometer  of  health. 


CHAPTER  XX 


NUTRITIVE  REQUIREMENTS  IN  PREG¬ 
NANCY  AND  LACTATION 

J.  HARRY  EBBS.  M.D. 

TORONTO,  ONT. 

The  ideal  normal  nutritional  state  for  pregnancy 
would  be  one  in  which  the  maternal  body  was  endowed 
with  the  proper  nutritional  elements  before,  during  and 
after  the  pregnancy,  to  ensure  the  optimum  needs  of 
the  fetus  in  its  intrauterine  develoinnent,  to  supply 
stores  for  its  needs  in  early  infancy,  to  ensure  adequate 
nutrition  for  the  normal  physiologic  requirements  of 
the  mother,  and  for  the  added  requirements  resulting 
from  pregnancy  and  lactation.  It  is  therefore  not 
enough  to  discuss  the  question  of  diet  for  the  ex])ectant 
mother  by  simply  saying  that  her  needs  are  those  of 
any  healthy  woman.  W'hile  we  have  been  accustomed 
to  thinking  of  the  fetus  as  parasitic  and  therefore  obtain¬ 
ing  its  nutritional  needs  even  at  the  expense  of  the 
maternal  stores,  perhaps  we  should  consider  more  opti¬ 
mum  development  of  the  fetus  by  making  all  needs 
readily  available.  Gross  nutritional  deficiencies  are 
seldom  encountered  in  the  population  today,  but,  as 
our  knowledge  of  nutrition  increases,  more  and  more 
evidence  is  presented  that  there  are  minor  deficiencies 
which  impair  to  varying  degrees  the  health  and  effi¬ 
ciency  of  our  ])opulation.  Such  minor  or  subclinical 
deficiencies,  which  in  the  average  individual  would 
take  weeks  or  months  to  develop,  could  be  exaggerated 
and  hastened  by  the  increased  nutritional  needs  during 
pregnancy. 

To  serve  as  a  basis  for  discussion  of  the  nutritive 
factors  needed  during  pregnancy  and  lactation,  without 
considering  special  obstetric  problems,  such  as  vomit¬ 
ing,  it  might  be  well  to  use  table  1 ,  wbich  is  a  repro¬ 
duction  of  the  standards  set  l)y  the  Rood  and  Nutrition 
Board  of  the  National  Research  Council  and  adopted 
by  the  Washington  National  Nutrition  Conference  in 
May  1941  and  by  the  Council  on  h'oods  and  Nutrition 
of  the  .American  Medical  .Association. 
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DIET  DURING  NORMAL  PREGNANCY 

In  order  to  supply  the  food  essentials  in  the  recom¬ 
mended  amounts  it  would  be  necessary  to  provide  the 
following  foods  daily  in  approximately  the  amounts 
specified:  milk,  40  ounces  (2^  pints)  ;  cheese,  1  ounce; 
butter,  2  ounces;  egg,  1  serving;  meat,  1  serving  (liver 
once  a  week)  ;  potato,  1  serving;  yellow  or  green  leafy 
vegetable,  such  as  carrots,  spinach,  chard,  string  beans, 
or  green  peas,  1  serving;  vegetable  such  as  cabbage, 
turnip  or  tomato,  1  serving;  orange  juice,  3  ounces,  or 
grapefruit  juice,  4  ounces,  or  tomato  juice,  7  ounces; 
other  fruits,  1  serving ;  whole  grain  or  enriched  bread,  4 
slices ;  whole  grain  or  restored  cereal,  1  serving.  Extra 
calories  necessary  would  be  provided  in  the  other  foods 
eaten  in  the  daily  diet  according  to  the  individual  needs 
and  taste.  A  supplement  of  fish  liver  oil  or  its  equiva¬ 
lent  should  be  prescribed  to  provide  400  to  800  units 
of  vitamin  D. 

CALORIES 

McCollum  ^  states  that  during  pregnancy  there  is  a 
rise  in  basal  metabolism  which  is  23  per  cent  higher 
at  term  than  at  the  fourth  month.  The  gain  in  weight, 
however,  is  only  14  per  cent.  The  fetal  tissues  have 
a  higher  specific  metabolism  per  unit  of  weight  than 
maternal  tissues.  While  there  is  increased  metabolism 
toward  the  end  of  pregnancy,  this  is  to  some  extent 
compensated  by  the  necessary  restriction  of  muscular 
activity  during  this  period.  The  normal  desirable 
weight  gain  in  pregnancy  according  to  some  authorities 
is  20  to  25  pounds,  spaced  to  gain  3,  10  and  10  pounds 
in  the  three  trimesters.^  The  appetite  is  often  dimin¬ 
ished  during  the  first  trimester,  and  caloric  requirements 
may  be  difficult  to  maintain.  In  the  latter  half  of 
pregnancy  the  appetite  may  be  increased. 


FAT  AND  CARBOHYDRATE 


Fats  and  carbohydrates  supply  the  energy  in  the 
normal  diet  and  are  usually  present  in  sufficient  quan¬ 
tity.  Their  importance  apart  from  being  a  source  of 
calories,  is  in  the  absorption  of  vitamins  by  the  fat 
and  the  j)rotein  sparing  action  of  carbohydrate.  The 


1.  McCollum,  E.  V.:  Diet  of  Pregnant  Woman,  Am.  J.  Obst.  & 

Gynec.  36:586-596  (Oct.)  1938.  ,  .  r 

2.  Conn,  L.  C.;  Vant,  J.  R.,  and  Malone.  M.  M.:  Some  Aspects  ot 
Maternal  Nutrition,  Surg.,  Gynec.  &  Obst.  63:  377,  1936. 
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ratio  of  carbohydrate  and  fat  to  protein  and  other 
so-called  protective  foods  usually  varies  with  the  eco¬ 
nomic  level  of  the  family.  The  lower  the  income,  the 
lower  the  intake  of  animal  protein  and  vitamin  contain¬ 
ing  foods.®  Obesity  and  excessive  gain  of  weight  dur¬ 
ing  pregnancy  can  be  controlled  to  a  certain  degree 
by  the  regulation  of  the  intake  of  fat  and  carbohydrate. 

Rucker^  feels  that  a  carefully  controlled  diet  will 
determine  the  weight  of  the  baby.  By  keeping  a  low 
fluid,  fat  and  carbohydrate  intake  and  by  increasing 
the  protein,  while  keeping  the  total  calories  about  1,800 
a  day,  he  claims  that  the  length  of  labor  is  shortened 
and  that  there  is  a  minimum  of  prematurity.  However, 
most  observers  feel  that  only  gross  curtailment  of  food 
intake  can  affect  the  size  of  the  fetus.  In  such  cases 
there  is  always  the  danger  of  some  or  many  specific 
deficiencies.  Garry  and  Stiven,®  in  a  review  of  the 
available  data  up  to  1935,  find  that  the  weight  of  the 
newborn  is  not  influenced  by  the  maternal  diet  unless 
there  are  extreme  deficiencies.  This  has  been  my 
experience,  in  which  it  was  found  that  the  average  birth 
weight  of  babies  born  to  a  group  of  mothers  who  were 
given  extra  food  during  the  latter  months  of  pregnancy 
was  7  pounds  7  ounces,  compared  with  an  average  of 
7  pounds  10  ounces  in  a  group  whose  mothers  were  left 
on  a  poor  diet  which  was  much  lower  in  total  calories.® 


PROTEIN 


Metabolism  studies  as  reported  by  several  workers  ^ 
indicate  the  increased  requirements  for  protein  during 
pregnancy  and  lactation.  The  needs  of  the  normal 


c.  ''Vddowson,  E.  M.,  and  Verdon,  C.  M.;  A 

English  Diets  by  the  Individual  Method:  III.  Pregnant  Women 
M  ‘  Levels,  J.  Hyg.  38 :  596,  1938.  Ebbs,  J.  H  and 

K.n.uS.TM':’ 

5.  Garry,  R.  C.,  and  Stiven,  D.:  A  Review  of  Recent  Work  on 
Dietary  Requirements  in  Pregnancy  and  Lactation,  with  an  Attempt  to 
Assess  Human  Requirements,  Nutrition  Abstr.  &  Rev.  5:  855-887  1936 

\K  i  Hunscher,  Helen  A.:  An  Evaluation  of 

Maternal  Nitrogen  and  Mineral  Needs  During  Embryonic  and  Infant 
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nonpregnant  woman  of  about  1  Gin.  per  kilogram  of 
body  weight  must  be  increased  to  a  total  of  from  90 
to  125  Gm.  daily  in  order  to  provide  for  the  growth 
of  the  fetus  and  the  uterus. 

1  he  role  of  protein  in  kidney  damage  and  its  place 
in  the  cause  and  course  of  toxemia  of  pregnancy  are 
still  debatable.®  Protein  is  still  restricted  by  many 
in  the  management  of  toxemia,  and  it  is  believed  that 
clinical  experience  supports  the  view  that  toxemia  is 
improved  or  prevented  by  protein  restriction. 

Williams  ^  says  that  a  deficiency  of  protein  may  lead 
to  nutritional  edema  and  tends  to  anemia,  poor  muscle 
tone,  lowered  resistance  to  disease  and  poor  milk  supply. 

Barker  found  protein  poor  diets  in  about  50  per 
cent  of  both  clinic  and  private  patients.  A  condition 
of  edema,  sallow  pasty  complexion  and  puffiness  of  the 
face  cleared  up  when  his  patients  were  put  on  a  high 
protein  diet. 

An  increase  in  protein  in  the  diet  tends  to  increase 
the  yield  of  breast  milk,  while  a  decrease  lowers  the 
quantity  of  milk  secreted. 

Coons  and  Blunt  ”  found  that,  the  greater  the  reten¬ 
tion  of  nitrogen  in  the  last  months  of  pregnancy,  the 
better  the  chance  of  successful  lactation. 

One  half  of  the  protein  in  the  diet  should  come  from 
meat,  eggs  and  dair}^  products. 


CALCIUM,  PHOSPHORUS  AND  VITAMIN  D 

One  of  the  most  important  elements  of  the  diet  during 
pregnancy  and  lactation  is  calcium.  W'ith  this  mineral 
one  can  also  link  phosphorus  and  vitamin  D.  A  decrease 
in  the  serum  calcium  in  the  last  months  of  pregnancy 


8  Oberst  F.  W.,  ami  Plass,  E.  D.;  Calcium,  Phosphorus  and  Nitro¬ 
gen  Metabolism  in  Women  During  Secoml  ^^^If  of  Pregnancy  and  m 
Karlv  Lactation  Am.  J.  Obst.  (.ynec.  40:399-413  (Sept.)  1940. 
Strauss  M  B.:’  Observations  on  the  Etiology  of  the  Toxemias  of  Preg¬ 
nancy:’  The  Relation  of  the  Nutritional  Deficiency,  Hypoproteinemia 
and  Elevated  Venous  Pressure  to  Water  Retention  in  I  regnancy.  Am. 
T  \r  Sr  lOO"  811-824  (Dec.)  1935.  Dieckmann,  W  .  J.,  and  Swanson, 
W  W  ireiaVy  Requirements  in  Pregnancy,  Am.  J.  Obst.  &  Oynec 
:J8:  523-533  (Sept.)  1939.  Dieckmann.  W  .  J.: 

Blood  in  Nonconvulsive  Toxemias  of  Pregnancy,  ibid.  26. 543-555  (Oct.) 

^^^9.  Williams,  P.  F.:  Nutrition  in  Pregnancy,  Am.  J.  Surg.  48: 
118-124  (April)  1940.  .  .  „  ,  - 

10  Barker  M.  H.;  Blood  Chemistry  Observations  >«  ^ 

cient  and  Toxic  i’regnancics.  Am.  J.  (9bst.  &  (lynec.  35:949-953  (June 

^"^lli  Coons,  Callie  M.,  and  Blunt,  Katharine:  R?‘ention  of  NTtrogem 
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has  been  shown/-  with  a  return  to  normal  after  the 
pregnancy  has  terminated.  In  successive  pregnancies 
with  only  short  periods  between,  the  serum  calcium  has 
been  siiown  to  be  even  lower.  IVIendenhall  and  Diake 
have  ascribed  numerous  symptoms  and  complaints  to 
a  lack  of  calcium  during  pregnancy.  They  cleared  up 
such  complaints  as  muscle  soreness,  spasms,  numbness, 
tingling  and  neuritis  by  giving  calcium  and  viosteiol 
to  these  patients. 

Swanson  and  lob.^^  in  a  chemical  analysis  of  the 
fetus,  have  shown  that  the  calcium  and  phosphorus 
retained  in  the  last  two  lunar  months  is  65  and  64 
])er  cent  respectively  of  the  total  body  content  of  the 
full  term  fetus.  In  order  to  supply  these  needs,  a 
daily  intake  of  1.5  to  2.0  Gm.  of  calcium  is  necessary.^® 

I'he  relationship  between  calcium,  phosphorus  and 
vitamin  D  has  been  the  subject  of  much  research.  It 
seems  clear  that  vitamin  D  is  related  to  the  utilization 
and  retention  of  calcium  and  phosphorus  in  the  body. 
Vitamin  D  requires  an  adequate  supply  of  calcium  and 
phosphorus  in  order  to  provide  a  retention.  In  rats 
vitamin  D  causes  an  increased  retention  of  calcium 
and  phosphorus  in  the  offspring  when  the  diet  is  ade¬ 
quate.^®  In  a  review  by  Jeans  and  Stearns  it  is 
pointed  out  that  some  persons  can  retain  calcium  in 
ample  amounts  if  the  intake  is  from  1.6  to  2.5  Gm.,  even 
without  added  vitamin  D.  l)ut  in  rapidly  succeeding 
pregnancies  and  periods  of  lactation,  unless  vitamin  D 
is  given  there  may  be  poor  retention  of  calcium  and 
])hospliorus  regardless  of  the  intake. 


12.  Nicholas,  H.  O.;  Johnson,  II.  W.,  and  Johnston,  R.  A.:  Dif¬ 
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1  hat^  the  amount  of  calcium  and  vitamin  D  in  the 
mother’s  diet  affects  the  density  of  the  infant’s  hones 
and  the  structure  of  the  teeth  has  been  ohservedd’' 
Evidence  has  been  presented  to  show  the  relation  of  the 
maternal  diet  to  the  development  of  rickets  in  the 
offspring.  Maxwell  has  reported  fetal  rickets. 
Mellanby  has  stated  that  calcium  and  vitamin  D  are 
often  deficient  in  the  mother’s  diet  and  feels  that  this 
is  one  of  the  predisposing  factors  in  the  development 
of  rickets.  Grant  and  Goettsch  have  shown  a  greater 
and  earlier  tendency  to  rickets  in  rats  born  of  mothers 
on  diets  low  in  calcium,  phosphorus  and  vitamin  D. 

Macy  and  her  co-authors  reported  that  the  addition 
of  cod  liver  oil  and  yeast  to  the  diets  of  nursing  mothers 
resulted  in  improved  calcium  assimilation  and  a  greater 
feeling  of  well  being. 

The  amount  of  vitamin  D  which  is  necessary  for 
adult  mineral  metabolism  is  not  definitely  known  and 
the  amount  suggested  in  table  1,  of  400-800  units,  is 
largely  arbitrary.  The  administration  of  vitamin  D 
in  some  form  seems  to  be  indicated. 

In  supplying  the  calcium  in  the  food,  the  require¬ 
ments  for  phosphorus  are  usually  automatically  sup¬ 
plied. 

IRON 


A  great  deal  of  interesting  work  has  been  published 
in  the  past  few  years  which  has  given  us  a  clearer 
understanding  of  the  relation  of  the  maternal  diet  to 
the  development  of  anemia  in  the  mother  and  the  infant. 


18  Toverud,  K.  D.,  and  Toverud,  G.:  Studies  on  Mineral  Metab¬ 
olism  During  Pregnancy  and  Its  Bearing  on  Disposition  to  Rickets  and 
Dental  Caries,  Acta  paediat.  13  (Supp.  2):  1-116,  1931.  Finola,  G.  C., 
Trump,  R.  A.,  and  Grimson,  M.:_  Bone  Changes  in  the  Fetus  Follow¬ 
ing  the  Administration  of  Dicalcium  Phosphate  ^nd  Viosterol  to  the 
Pregnant  Mother,  Am.  J.  Obst.  &  Gynec.  34:955-968  (Dec.)  1937. 

19  Maxwell,  J.  P.;  Hu,  C.  H.,  and  Turnbull,  H.  M.;  Fetal  Rickets, 

J.  Path.  &  Bact.  35:419-440  (May)  1932.  .  r.-  * 

20  Mellanby,  May:  Diet  and  Teeth:  III.  The  Effect  of  Diet  on 

the  Dental  Structure  and  Disease  in  Man  Great  Britain,  Medical 
Research  Council,  Special  Report  Series  191,  1934.  .  . 

21.  Grant  A.  H.,  and  Goettsch,  M.:  The  Nutritional  Requirements  of 
XT  *•  n  J.U  •  of  3.  Deficiency  of  the  Antirschitic 

The  Nutritional  Requirements  of  Nursing  Mothers.  The  E  ect  oi 

Lowering  Both  the  Antirachitic  Vitamin  and  Calcium 

the  Mother  on  the  Development  of  Rickets  in  the  Young,  ibid.  6.228-237 
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Studies  in  the  anemia  of  rats  liave  done  much  to  helj) 
in  the  understanding  of  anemia  in  the  human  infant. 
Parsons,  Hickmans  and  Finch  showed  that  rats  fed 
on  an  iron  deficient  diet  can  rear  their  litters,  but  the 
second  generation  fed  on  the  same  diet  will  have  dimin¬ 
ished  reproductive  ability,  the  young  will  not  grow 
properly  and  they  will  show  a  pronounced  anemia.  The 
hemoglobin  at  birth  is  lower  in  the  second  litter  of  rats 
on  an  iron  deficient  diet.-'*  Murphy  and  Bowes  found 
that  anemia  was  twice  as  frequent  among  mothers  using 
an  inadequate  diet  as  among  those  using  an  adequate 
diet.  Once  the  anemia  is  esta1)lished,  whether  the 
so-called  physiologic  anemia  of  pregnancy  or  an  iron 
deficient  anemia,  it  is  then  impossible  to  raise  the  level 
hy  diet,  no  matter  how  nourishing  or  how  much  iron  is 
available.  It  is  therefore  necessary  to  i)rovide  iron  in 
such  cases.  Both  maternal  anemia  and  anemia  of  infants 
can  he  jtrevented  1)y  prophylactic  iron  thera]>y.  Labate,-" 
in  studying  three  groups  of  women  on  different  diets, 
re]X)rted  that  iron  increased  the  hcmogiohin  whether  the 


diet  was  good  or  not. 

Xeale  and  Plawksley  give  as  the  cause  of  anemia 
in  the  mother  (  1  )  transfer  of  maternal  reserve  to  fetus. 
(2)  poor  diet,  (3)  rapidly  repeated  pregnancies  and 
twin  pregnancies  and  (4)  gastric  anacidity  or  hyiw- 
acidity.  The  cause  of  anemia  in  the  infant,  according 
to  Parsons  and  Hawksley,-®  is  either  a  deficient  ante¬ 
natal  storage  of  iron  or  a  deficient  postnatal  supply, 
or  both.  A  prime  factor  in  this  deficiency  is  the  pres¬ 
ence  of  anemia  in  the  mother.  Strauss  i)ointed  out 
that  anemia  was  ])resent  during  the  first  \ear  of  life 


Pai-MMis,  I..  C.;  Hickmars.  Evelyn  M..  and  Finch.  Ethel:  Studio 
iipAn  niia  of  Infancy  and  Childhood:  -XJ.  The  Effect  of  Iron  Defi¬ 
cient  Diets  on  the  Size  of  the  Red  Blood  t  elks  in  Rats  aiul 
duction  of  .Microcytic  Anemia  in  Their  Offspring,  Arch.  Dis.  Childhood 

^  Uo^n  Deficiency  in  I’regnant  Rats.  Am.  J.  Dis.  Child. 

P.!^and  Bowes,  A.  DeP.:  Fowl  Ilahits  of  Mothep 
of  Congenitally  Malformed  Children:  Report  of  545  1-amil.es,  Am.  J. 
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in  l)abies  born  of  anemic  mothers  although  the  hemo- 
fflolhn  was  normal  at  birth.  Mackay  showed  that 
diere  was  a  lower  level  of  hemogdohin  in  every  month 
of  the  first  six  months  of  life  in  infants  horn  of  anemic 
mothers  than  in  infants  horn  of  mothers  without  anemia. 

The  minimum  requirement  during  pregnancy  seems 
to  he  15  mg.,  and  according  to  IMacy  and  Hunschei 
it  may  he  20  mg.  daily.  Corrigan  and  Strauss  showed 
the  value  of  supplementing  the  antepartum  diet  with 
medicinal  iron.  The  results  obtained  m  the  blood  of  the 
mothers  w^ere  equally  striking  in  the  blood  of  infants 
in  similar  studies  by  Cottlieh  and  Stream^® 


VITAMIN  A 


riie  daily  reijuirement  of  vitamin  A  is  as  yet  unknown, 
hut.  from  various  surveys  and  as  a  result  of  correlated 
dark  adaptation  tests,  suggested  requirements  have  been 
set  forth.  That  these  are  far  from  being  completely 
acceptable  is  seen  wdien  one  considers  the  difficulties  and 
discrepancies  in  the  methods  of  measurement.  The 
manifestation  of  vitamin  A  deficiency  in  any  gross  form 
is  extremely  rare.  The  incidence  of  minor  or  suhclinical 
deficiencies  is  as  yet  unknown,  hut  newer  methods  of 
detection  may  bring  these  to  light  in  the  near  future. 
Again,  the  widespread  distribution  of  vitamin  A  and 
its  iirecur.sor  carotene  in  our  common  foods  suggests 
that  it  is  probably  not  seriously  deficient.  However, 
pregnancy  and  lactation  place  extra  demands  on  the 
normal  jihysiologic  jirocesses  of  the  female,  and  it  is 
probably  wise  to  aim  at  an  optimum  level  of  vitamin  A 
and  thus  be  within  the  margin  of  safety  until  our 
present  knowledge  of  requirements  is  extended. 

The  ]>art  played  by  vitamin  A  in  reproduction  is 
uncertain.  Mason  noted  an  increased  rate  of  pre¬ 
mature  births  and  stillbirths  in  animals  on  vitamin  A 
deficient  diets.  The  young  w'ere  not  suckled  as  long 


30.  Mackay,  H.  M.  M.:  Nutritional  Anemia  in  Infancy,  with  Special 
Reference  to  Iron  Deficiency,  London,  His  Majesty’s  Stationery  Office 
1931  (Great  Britain,  Medical  Research  Council,  Special  Report  Series’ 
No.  157). 

31.  Macy,  Icie  G.,  and  Hunscher,  Helen  A.;  An  Evaluation  of 
Maternal  Nitrogen  and  Mineral  Needs  During  Embryonic  and  Infant 
Development,  Am.  J.  Obst.  &  Gynec.  27:878-888  (June)  1934. 

32.  Corri^n,  J.  C.,  and  Strauss,  M.  B.:  Prevention  of  Hypochromic 
Anemia  in  Pregnancy,  J.  A.  M.  A.  106:  1088-1090  (March  28)  1936. 

33.  Gottlieb,  R.,  and  Strean,  G.  J.:  The  Prevention  of  Maternal  and 
Infant  Anemia,  Surg.,  Gynec.  &  Obst.  68:869-871  (May)  1939. 

34.  Mason  K.  E.:  Fetal  Death,  Prolonged  Gestation  and  Difficult 


394 


J.  HARRY  EBBS 


and  lived  a  shorter  time  than  normal.  On  the  other 
hand,  Cannon  found  that  congenital  anomalies  were 
not  induced  in  the  young  of  rats  with  a  lack  of  vita- 
min  A  in  the  diet.  They  did,  however,  show  abnor¬ 
malities  of  pregnancy  and  labor  as  well  as  a  tendency 
to  sterility. 

Williams,  Hark  and  Fralin,^®  in  observing  a  group  of 
]iregnant  women,  found  62  per  cent  with  a  low  vita¬ 
min  A  content  in  an  analysis  of  their  dietary  records. 
Only  37.5  per  cent  of  these  women  had  poor  dark 
adaptation.  Hirst  and  Shoemaker  found  no  signifi¬ 
cant  obstetric  complications  among  the  women  with 
vitamin  A  deficiencies. 

Ricketts  has  described  severe  deficiency  manifesta¬ 
tions  of  vitamin  A  simulating  toxemia  of  pregnancy. 
His  report  deals  with  2  cases. 

The  role  of  vitamin  A  in  the  development  of  the 
fetus  and  therefore  its  importance  in  pregnancy  is 
strongly  suggested  by  the  work  of  Wolbach  and 
Howe.^®  They  have  shown  changes  in  the  structure 
of  the  developing  teeth  in  vitamin  A  deficient  rats  and 
guinea  pigs.  Mellanby  has  shown  defective  teeth  in 
rats  born  of  mothers  on  a  diet  deficient  in  vitamin  A 
and  feels  that  vitamin  A  deficiency  is  responsible  for 
absent  or  defective  enamel  and  dentin. 

While  the  newborn  infant  has  very  low  stores  of 
vitamin  A,^^  the  colostrum  and  early  human  milk  are 
rich  in  this  vitamin.  Human  milk  contains  the  same 
amount  of  carotene  and  vitamin  A  as  cow’s  milk  hut 
at  the  beginning  of  lactation  contains  five  to  ten  times 


more. 
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It  seems  safe  in  our  present  knowledge  of  vitamin  A 
requirements  to  believe  that  the  requirements  dining 
pregnancy  and  lactation  will  be  met  by  diet  and  t  le 
same  supplement  which  provides  vitamin  D,  namely  4 
to  6  Gm.  of  cod  liver  oil  or  its  equivalent. 


VITAMIN  B  COMPLEX 

Cowgill has  shown  that  the  requirement  of  the 
average  person  for  vitamin  depends  on  the  basal 
metabolism  and  the  caloric  intake.  Since  these  ai  e 
increased  in  pregnancy  and  lactation,  the  intake  of 
vitamin  or  thiamine,  must  be  increased.  Poly¬ 
neuritis  can  occur  during  pregnancy,^®  and  signs  of 
minor  deficiencies  of  vitamin  B^  are  not  uncommon. 
We  have  been  impressed  by  the  changes  which 
occurred  when  the  intake  of  vitamin  B^  was  doubled  or 
trebled  in  women  attending  the  antepartum  clinic  who 
had  been  on  poor  diets.  Many  of  the  minor  aches  and 
pains  and  numerous  complaints  disappeared.  The  men¬ 
tal  attitude  of  many  of  these  patients  changed  from  one 
of  apathy  and  discontent  to  one  of  interest  in  the  out¬ 
come  of  their  pregnancy.  Williams  and  his  co-workers,^® 
in  a  nutrition  study  of  pregnant  women,  found  practi¬ 
cally  one  third  of  their  patients  on  an  inadequate  intake 
of  vitamin  B^,  according  to  the  Cowgill  standard. 
Thirty  per  cent  of  those  with  an  inadequate  intake  had 
moderate  to  pronounced  nausea  and  vomiting  compared 
with  only  10  per  cent  of  those  with  an  adequate  intake. 
Fatigue,  cramps,  paresthesias  and  dyspnea  were  also 
found  more  frequently  in  those  with  a  low  vitamin  Bj 
intake.  Strauss  and  McDonald  point  out  that  such 
evidences  of  polyneuritis  should  be  treated  with  vita¬ 
min  B  complex. 

The  need  of  the  lactating  woman  for  vitamin  B^  is 
obviously  higher  than  for  the  normal  nonlactating 
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woman.  Cowgill  sets  this  at  15  or  20  units  per 
hundred  calories,  which  would  be  500  to  700  units  daily. 
The  amount  of  vitamin  Bj  in  the  milk  depends  to  some 
extent  on  the  amount  in  the  mother’s  diet.-**  There  is 
practically  no  storage  of  this  vitamin  in  the  body.  The 
stimulating  action  of  on  the  secretion  of  milk  has 
been  observed. 

Riboflavin,  or  vitamin  Bo  (G),  is  associated  with 
oxidation  processes  of  the  cell,  \\hth  the  increased 
metabolism  during  pregnancy,  the  requirement  of  this 
vitamin  is  probably  increased.  Forms  of  keratitis  have 
been  described  as  evidence  of  deficiency  of  this  vitamin.^® 
The  condition  described  by  Sebrell  and  Butler  as  a 
result  of  deficiency  of  riboflavin  has  been  observed  in  1 
patient  in  our  own  clinic. 

Riboflavin  is  found  in  milk,  egg  white,  liver  and 
leafy  vegetables  in  such  pro])ortions  that  most  diets 
should  contain  a  sufficient  amount. 

Nicotinic  acid  and  vitamin  Bg  have  not  been  demon¬ 
strated  as  having  any  particular  significance  during 
pregnancy,  except  that  the  requirement  is  probably 
increased  in  proportion  to  those  of  the  other  vitamins. 

If  the  diet  contains  an  adequate  amount  of  whole 
grain  products,  milk,  meat,  egg  and  vegetable,  the  com¬ 
ponents  of  the  vitamin  B  complex  will  be  supplied  in 
sufficient  amounts. 

VITAMIN  c 


With  the  perfection  of  methods  for  determining  vita¬ 
min  C  in  the  body,  the  approximate  needs  have  been 
fairly  clearly  determined  for  the  average  woman  during 
pregnancy  and  lactation.  Snelling  and  Jackson®^  in 
this  clinic  found  a  slight  fall  in  the  ascorbic  acid  level 
of  the  blood  plasma  toward  the  end  of  pregnancy.  This 
and  a  further  drop  during  and  after  labor  might  be 
explained  by  the  decreased  intake  at  this  time  and  by 
increased  needs  of  the  fetus. 


47.  Cowgill.  (i.  K.:  Human  Requirements  for  Vitamin  Bi,  J.  A.  M.  A. 

iPS-i'-SdensHck-rV.  R;'  SS  (v  ”fil  C,.ck,.„ 
H  M.r  Oc’ular  Ma’nifLtation  of  Ariboflavinosis.  Pub.  Health  Rep.  oo. 

natl„.  R,  E.:  Rib»«»7 
l.r|l,m™ry^|NoK.  Blood 

During  Pregnancy,  Birth  and  Karly  Infancy,  .1. 

(April)  1939. 


PREGNANCY  AND  LACTATION 


397 


Iking  water  soluble,  vitamin  C  is  not  retained  in  the 
body  and  therefore  the  level  in  the  blood  is  directly 
affected  by  the  amount  in  the  diet.®- 

The  average  plasma  vitamin  C  of  two  groups  of 
women  measured  during  pregnancy  is  shown  in  table  2. 
Both  groups  were  on  poor  diets  when  the  blood  was 
first  examined.  One  group  was  then  given  one  orange 
and  AY2  ounces  of  canned  tomatoes  daily  until  the  end 
of  pregnancy.  It  will  be  noted  that  the  average  level 
of  ascorbic  acid  in  this  group  was  higher  in  the  eighth 
month  and  at  term  than  in  the  other  group.  The  para¬ 
sitic  nature  of  the  fetus  is  demonstrated  by  the  average 
level  of  vitamin  C  in  the  cord  blood,  which  is  higher 
than  the  level  in  the  maternal  blood  at  this  time.  Even 
when  the  maternal  blood  was  practically  depleted  of 
ascorbic  acid,  the  cord  blood  would  contain  apprecia- 

Tahi.e  2. — Plasma  Vitamin  C  During  Pregnancy 


5th  to  6th  8th  Cord  Mother’s  Blood 

Month  Month  Term  Blood  6  Weeks  .After 

Mg.  per  Mg.  per  Mg.  per  Mg.  per  Delivery 
Group  100  Cc.  100  Cc.  100  Cc.  100  Cc.  Mg.  per  100  Cc. 

Diet  poor  in  vitamin  0  0.47  0.40  0.47  1.0  0.43 

Improved  diet;  added 

orange  and  tomato  0.46  0.69  0.73  1.4  0.38 


l)le  though  below  normal  amounts.  The  average  levels 
in  table  2  are  lower  than  the  desired  level  during 
pregnancy. 

Sellig  and  King  have  shown  that  the  amount  of 
vitamin  C  in  the  breast  milk  is  dependent  on  the  dietary 
intake  of  the  mother.  Totally  hreast  fed  habies  are 
well  supplied  with  vitamin  C  if  the  vitamin  C  content 
of  breast  milk  is  more  than  4  mg.  per  hundred  cubic 
centimeters.  Mothers  on  low  vitamin  C  diets  can 
•secrete  enough  vitamin  C  in  the  breast  milk  to  give 
levels  in  the  jilasma  of  the  infant  which  are  higher  than 
their  own.  While  cases  of  scurvy  in  breast  fed  infants 
have  been  known,  it  is  an  extremely  rare  occurrence. 
Of  20  consecutive  babies  with  scurvy  admitted  to  the 
Hospital  for  Sick  Children,  Toronto,  all  were  bottle  fed. 
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It  seems  clear  that  the  vitamin  C  intake  during  preg¬ 
nancy  and  lactation  should  be  increased  above  the 
amount  usually  required.  Particular  attention  should 
he  paid  to  the  intake  during  the  latter  weeks  of  preg¬ 
nancy,  during  lactation  and  during  periods  of  vomiting 
or  other  dietary  restriction.  The  diet  should  contain 
liberal  amounts  of  orange,  grapefruit  or  tomato  juice 
as  well  as  other  fruits  and  vegetables. 


VITAMIN  E  (alpha-tocopherol) 

The  need  for  vitamin  E  in  normal  pregnancy  has 
been  suggested  recently.  Reports  of  Vogt-M011er,®‘ 
Currie,®®  Shute,®®  Collins  ®^  and  Watson  ®®  on  the  use 
of  wheat  germ  oil  in  threatened  abortion  have  been 
very  encouraging.  Bacharach  ®®  summarizes  some  of 
the  recent  reports  by  suggesting  that  there  is  at  least 
presumptive  evidence  that  it  is  needed  for  normal  preg¬ 
nancy  in  women. 

VITAMIN  K 


Evidence  has  been  brought  forward  practically  to 
establish  the  usefulness  of  vitamin  K.®®  The  adminis¬ 
tration  of  this  substance  to  the  mother  just  before  the 
onset  of  labor  or,  failing  this,  during  labor  has  a  definite 
eflfect  on  the  prothrombin  time  of  the  infant.®^  A 
reduction  in  the  incidence  of  hemorrhagic  disease  in  the 
newborn  period  has  been  shown  when  motheis  have 
been  treated,  and  the  use  of  this  substance  also  seems  to 
be  indicated  in  the  treatment  of  cases  of  hemorrhagic 
disease  of  the  newborn.®^ _ 
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RELATION  OF  NUTRITION  TO  TEETH 

Studies  of  the  incidence  and  control  of  dental  caries 
in  the  pregnant  woman  indicate  that  diet  is  a  factor. 
There  appears  to  be  some  truth  in  the  old  saying  Foi 
every  child  a  tooth,”  and  the  observation  has  been  com¬ 
monly  made  that  dental  decay  is  increased  during 
pregnancy. 

The  teeth,  while  requiring  relatively  little  mineral 
salts  in  comparison  to  the  skeleton,  are  nevertheless 
dependent  on  maternal  supplies  for  their  normal  devel¬ 
opment.  Deficiencies  in  the  maternal  stores  of  essen¬ 
tial  food  elements,  such  as  minerals  and  vitamins,  will 
probably  be  reflected  in  the  structure  of  the  teeth  of  the 
infant.  Toverud  has  found  defects  in  the  teeth  under 
such  conditions,  and  IMellanby  feels  that  deficiencies 
in  antepartum  diet  are  an  im|X)rtant  factor  in  dental 
caries  appearing  in  the  child. 

In  observations  on  three  groups  of  patients  in  an 
antepartum  clinic  Daro  found  a  poorer  condition  of 
the  teeth  and  gums  in  those  who  were  on  inadequate 
diets  compared  to  those  who  were  eating  plenty  of  milk, 
raw  fruits  and  vegetables.  He  ix)ints  out  the  impor¬ 
tance  of  deficiencies  which  might  occur  as  the  result  of 
vomiting  early  in  pregnancy. 

Howe  makes  a  strong  jxiint :  “The  dentist  may 
and  should  indicate  to  the  medical  practitioner  that  the 
teeth  are  calcifying  and  the  bones  which  carry  the  teeth 
are  undergoing  ossification  during  fetal  life,  and  it  is 
his  duty  to  see  that  the  normal  processes  of  growth  and 
development  here  go  on  uninterrupted.  It  is  recog¬ 
nized  that  these  processes  are  influenced  more  strongly 
by  nutritional  states  than  by  any  other  factor.” 

While  there  are  undoubtedly  other  factors  in  the  pro¬ 
duction  of  dental  caries,  it  seems  reasonable  that  the 
period  of  development  of  the  teeth  is  a  most  important 
one  and  the  mother  should  be  provided  with  the 
optimum  requirements. 


63.  Toverud,  K.  U.,  and  Toverud,  G.:  Studies  on  Mineral  Metabolism 
During  Pregnancy  and  Its  Bearing  on  Disposition  to  Rickets  and  Dental 
Caries,  Acta  psdiat.  13  (supp.  2)  1:1-116,  1931.  ^cniai 
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NUTRITION'  A  FACTOR  IN  PREGNANCY 


Is  nutrition  a  factor  of  iin|K)rtance  in  the  management 
of  pregnancy  ?  This  question  could  be  answered  by  gen¬ 
eral  statements  covering  the  knowledge  that  improved 
nutrition  improves  the  general  health  and  this  results 
in  healthier  mothers.  Common  sense  and  j^ractical 
experience  suggest  the  imix^rtance  of  proper  food  for  the 
expectant  mother.  Poverty  goes  hand  in  hand  with 
poor  diets,  hut  not  all  people  with  adequate  incomes 
provide  proper  diets.  Ignorance,  illness  and  other 
circumstances  also  interfere  with  proper  dietary  habits. 

The  incidence  of  successful  jmegnancies  is  conceded 
to  he  better  in  those  of  good  or  moderate  means  in 
com])arison  to  those  who  are  on  low  income.  A  recent 
communication  by  Paird  and  W'yper  from  Aberdeen 
makes  such  a  comparison.  In  private  specialist  practice 
the  rate  for  stillbirths  and  neonatal  deaths  was  12  per 
thousand,  in  hospital  i>ractice  it  was  54.5  per  thousand 
and  in  the  homes  it  was  78.5  per  thousand  live  births. 
While  there  are  several  imohahle  factors  entering  the 
outcome  of  these  three  classes  of  pregnant  women,  such 
as  economic,  nursing  and  medical,  the  authors  .say 
“There  is  thus  a  large  wastage  of  child  life  associated 
with  childbirth  in  Scotland,  intimately  connected  with 
unfavorable  economic  conditions  and  malnutrition  and 
fatigue  in  the  mother.” 

Ross  and  his  associates  reported  that,  in  two 
groups  of  ])regnant  women,  one  group  on  a  |X)or  diet 
and  another  group  on  a  well  balanced  diet,  the  inci¬ 
dence  of  toxemia  and  the  levels  of  hemoglobin  and 
serum  protein  were  not  significantly  different.  Church, 
h'oster  and  Asher  showed  that  the  diet  of  the  mother 
was  a  factor  in  the  survival  of  the  offspring  from  the 
risks  of  infection. 

In  a  recent  study  in  this  clinic  a  group  of  pregnant 
women  found  to  have  very  ]KJor  diets  were  divided  into 
two  groups.  One  group  of  120  women  on  poor  diets  and 


67.  Baird,  Diigald,  and  Wyper,  J  t-  Stillbirth  and  Neonatal 
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with  low  incomes  were  followed  during  the  last  half  o! 
pregnancy  as  controls  for  90  women  on  equally  poor 
diets  and  low  incomes  who  were  supplied  with  milk, 
eggs,  cheese,  oranges,  canned  tomatoes,  wheat  germ  and 
vitamin  D  capsules  and  who  were  instructed  in  the  type 
of  diet  necessary  for  pregnancy.  The  observations  made 
throughout  pregnancy,  during  convalescence  and  on  the 
baby  showed  a  striking  difference.  The  incidence  of 
miscarriages,  premature  births  and  stillbirths,  the  num- 
her  of  infections  in  the  mother  and  her  general  condi¬ 
tion,  both  mental  and  physical,  were  much  l)etter  in 
those  who  received  the  extra  food.  Changes  in  the 
blood  of  the  mothers  given  extra  food  gave  evidence 
that  they  were  in  a  better  condition  during  the  stress  of 
pregnancy.  The  general  condition  of  the  babies  born  of 
mothers  wdio  received  the  extra  food  was  much  better 
than  the  condition  of  those  born  of  mothers  who  were 
left  on  their  poor  diets.  The  incidence  of  illness  among 
the  babies  was  much  greater  in  the  poor  diet  group. 

While  it  is  well  recognized  that  there  are  many 
factors  in  the  successful  outcome  of  pregnancy,  it  seems 
reasonable  that  proi>er  nutrition  will  ensure  a  more 
optimum  general  condition  of  the  mother  which  will 
possibly  prevent  or  at  least  minimize  the  complications 
that  occur  in  pregnancy.  The  tired,  depressed  and 
physically  poor  women  in  this  study,  with  a  past  history 
of  a  high  percentage  of  complications,  were  poor 
obstetric  risks.  But  even  in  four  or  five  months  of 
proper  feeding  this  condition  was  greatly  improved  and 
the  outcome  of  pregnancy  was  not  only  better  than 
with  those  who  were  left  on  their  poor  diet  but  resulted 
in  a  lower  rate  of  complications  than  they  had  experi¬ 
enced  in  ])revious  pregnancies.  This  series  is  small 
and  should  be  extended  in  women  equally  poor. 

A  much  larger  experiment  was  conducted  in  (ireat 
Britain, and,  while  the  results  were  obtained  in  several 
districts  and  the  exjieriment  was  not  confined  to  one 
hospital,  the  series  is  so  large  and  the  results  are  so 
striking  that  they  have  some  significance.  j\Iilk  and 
egg  products  containing  added  vitamins  A  and  D  and 
another  food  rich  in  vitamin  B  were  su])plied  during 
the  last  three  months  of  pregnancy  to  needy  mothers  in 
the  special  areas  of  England  and  South  Wales.  The 
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maternal  death  rate  in  10,384  obstetric  cases  in  which 
these  foods  were  supplied  was  1.66  per  thousand  total 
births  as  against  a  rate  of  6.15  among  18,854  other  cases 
in  the  same  districts  during  the  same  period.  There 
was  only  one  death  from  sepsis  in  the  assisted  group,  as 
against  forty-five  in  the  nonassisted  group.  The  number 
of  stillbirths  and  neonatal  deaths  was  43  per  cent  less  in 
the  experimental  group  than  in  the  nonassisted  category. 


SUMMARY 


h'rom  the  evidence  presented  it  is  apparent  that  the 
pregnant  and  lactating  woman  requires  more  calories, 
minerals,  vitamins  and  protein  than  the  nonpregnant 
woman.  As  shown  by  McCance  and  his  associates 
the  intake  of  these  elements  is  influenced  by  the  eco¬ 
nomic  level  in  that  “a  rise  in  spending  power  led  to  an 
increased  consumption  of  milk,  fruit,  vegetables  and 
meat  and  a  decreased  consumption  of  bread  and  total 
cereals.”  They  found  the  women  on  the  better  diets 
to  be  taller  and  less  anemic. 

The  management  of  the  nutritional  needs  of  the 
expectant  mother  requires  more  care  in  the  selection  of 
a  daily  diet  than  does  that  of  a  normal  nonpregnant 
woman.  The  increased  requirements  for  protein, 
minerals  and  vitamins,  if  they  are  to  be  met  by  the 
food  consumed,  necessitate  some  instruction  in  most 
cases.  This  instruction  can  be  given  by  the  physician 
or  by  the  dietitian  in  the  clinic.  Simple  directions 
stressing  the  importance  of  eating  the  foods  which 
supply  the  greatest  amounts  of  the  protective  food 
elements  are  usually  sufficient.  The  importance  of 
milk,  citrus  fruits,  green  and  yellow  vegetables  and 
whole  grain  bread  and  cereal  are  obvious.  Apart  from 
vitamin  D,  the  requirements  for  the  other  food  elements 
can  be  met  by  the  food,  provided  the  income  is  adequate. 
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A  description  of  the  diets  of  a  whole  population 
can  never  be  simple.  Food  habits  vary  from  place  to 
]dace  and  from  season  to  season.  They  differ  from 
family  to  family  too.  reflecting  economic  circumstances 
and  cultural  backgrounds.  Even  within  a  single  family 
group  diets  of  individuals  vary  more  than  is  generally 
realized.  The  latter  point,  preserved  in  legend  by  the 
Mother  Goose  rhyme  about  Jack  Spratt  and  his  wife, 
has  recently  been  spelled  out  in  terms  of  its  nutritional 
significance  by  Canadian  investigators.  Their  studies 
show  that  among  low  income  groups  food  tends  to  be 
distributed  inequitably  among  family  members.’^  As 
a  rule,  the  men — the  breadwinners — appear  to  fare  best 
relative  to  nutritional  needs;  women  and  older  children, 
worst.  When  there  is  scarcely  enough  to  go  around, 
mothers  tend  to  sacrifice  for  other  family  members. 
Even  so,  however,  teen  age  children  with  their  high 
nutritional  requirements  often  get  less  than  enough. 

Information  regarding  dietary  levels  in  this  country 
is  available  from  two  types  of  statistics.  On  the  one 
hand  are  the  United  States  Department  of  Agriculture’s 
figures  showing  average  quantities  of  various  foods  or 
groups  of  food  disappearing  in  consumptive  channels 
and  long  time  trends  in  our  nation’s  over-all  consump¬ 
tion.  These  estimates  are  constructed  from  available 
data  on  production,  imports,  exports  and  changes  in 
quantities  in  reserve  (stocks)  as  of  the  beginning  and 
the  end  of  each  year.  On  the  other  hand,  there  are 
data  from  numerous  family  dietary  studies  which  throw 
much  light  on  the  extent  to  which  various  groups  of 
the  population  share  in  these  national  food  supplies. 


TRENDS  IN  FOOD  CONSUMPTION  IN  THE 
UNITED  STATES 

Per  capita  food  supplies  in  this  country  are  bountiful 
compared  with  those  of  most  other  parts  of  the  world. 

Nutrition  in  Canada,  Canad.  Pub  Health  T 
«0:  431-434  (Sept.)  1939.  Hunter,  George,  and  Pett,  L.  B  •  A  Diet  i/v 
Survey  in  Edmonton,  ibid.  38:259-265  (May)  1941.  ’  ^  ^I'etary 
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1  lie  per  capita  volume  has  remained  fairly  constant  dur¬ 
ing  the  last  three  decades,  hut  within  the  total  the 
relative  importance  of  various  foods  has  shifted.-  As 
charts  1  to  7  show,  there  has  been  a  phenomenal  rise 
in  the  consumption  of  sugar  and  citrus  fruits,  and  an 
upward  trend  in  the  consumption  of  dairy  products 
and  fruits  and  vegetables  on  the  whole.  Paralleling 
these  increases,  there  has  been  a  decline  in  the  consump¬ 
tion  of  potatoes,  meats  and  grain  products.  From  the 
standpoint  of  nutrition,  certain  of  these  trends  in  food 
consumption  have  enriched  the  diets  of  American  peo- 
jile  while  others  have  impoverished  them.  On  the 
credit  side,  for  example,  is  the  increase  in  consumption 
of  dairy  products,  fruits  and  succulent  vegetables ;  on 
the  debit  side,  the  increase  in  consumption  of  refined 
sugar.  (  See  charts  1  to  7  from  U.  S.  Bureau  of  Agri¬ 
cultural  Economics.) 

d'hese  shifts  in  consumption  have  not  occurred  to  the 
same  extent  among  all  population  groups.  According 
to  dietary  studies  made  during  the  period  1885  to  1937,® 
the  decline  in  the  consumption  of  grain  products  by 
village  and  city  families  has  been  greater  among  those 
with  comparatively  low  food  expenditures  ($1.25  to 
$1.87  a  week  per  person,  1935  retail  food  price  levels) 
than  among  those  with  average  and  higher  than  average 
food  expenditures.  Among  families  spending  less  than 
average  amounts  for  food,  meat  consumption  fell  to  a 
low  level  in  1915-1924  and  since  that  period  has 
increased  relatively  little.  In  contrast,  among  families 
spending  more  than  average  amounts  for  food,  meat 
consumption  declined  relatively  more  in  the  decade 
1915-1924  but  since  that  period  has  increased  consider¬ 
able.  The  rate  of  increase  in  the  consumption  of  milk 


and  leafy  green  vegetables  during  the  last  fifty  years 
has  been  of  about  the  same  order  of  magnitude  among 
all  expenditure  groups,  whereas  the  relative  increase 
in  the  consumption  of  vitamin  C  rich  fruits  has  been 
more  striking  at  lower  than  at  higher  food  spending 
levels. 

On  a  per  capita  basis,  the  nutritive  value  of  the  aggre- 
‘^''ate  assortment  of  uncooked  food  materials  estimated 


2.  Consumption  of  Asricultural  Product^ 

March.  August  and  December,  United  States  Department  of  Agriculture, 
Hureau  of  Agricultural  Economics,  1941. 
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as  delivered  to  the  nation’s  kitchens  during  the  two  peri¬ 
ods  1920-1924  and  1936-1940  is  compared  in  certain 
respects  with  the  dietary  recommendations  announced 
at  the  1941  National  Nutrition  Conference  for  Defense 
by  the  National  Research  Council’s  Food  and  Nutrition 
Board*  (table  1).  It  would  appear  that  diets  in  this 
country  could  meet  the  recommendations  for  nuti  ients 


Chart  1.  1  er  capita  consumption  of  cane  and  beet  sugar,  raw  basis 

in  the  United  States,  1909-1939. 


listed  except  in  the  case  of  calcium,  riboflavin  and 
thiamine  (on  a  per  hundred  calory  basis),  provided 
the  food  was  distributed  equitably  among  the  i)opu- 
lation. 


The  figures  presented  on  nutritive  content  of  our 
food  supply  tend  to  be  high,  however.  They  refer 

4.  Recommended  Dietary  Allowances,  Committee  on  Food  and  Nnt,-; 

t.on.  National  Research  Council  (May)  1941,  DistObuted  b>  Federal 
Security  Agency,  Washington,  D.  C.  ^  ecierai 
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to  food  brought  into  the  kitchen  and  take  insufficient 
account  of  the  losses  of  nutrients  in  the  preparation 
of  food  and  of  the  edible  food  waste.  Only  average 
quantities  of  inedible  refuse  were  deducted.  In  con¬ 
trast,  the  dietary  recommendations  of  the  National 
Research  Council’s  board  with  which  the  nutritive 
values  of  food  supplies  are  compared  represent  actual 
intake  and  do  not  make  allowances  for  losses  in  cook¬ 
ing.  Hence,  the  over-all  picture  drawn  of  dietary 

Table  1. — Comparison  of  Nutritive  Value  of  Food  Estimated 
to  Be  Delivered  to  Nation’s  Kitchens  in  Two  Five 
Year  Periods  urith  1941  Dietary  Recommen¬ 
dations  of  National  Research  Council’s 
Food  and  Nutrition  Board 


Nutrient 

Food  energy,  calories . 

Protein,  Gm . 

Calcium,  Gm . 

Iron,  mg . 

Vitamin  A  value,  international  units 

Riboflavin,  mg . 

Thiamine,  total,  mg . 

Thiamine,  per  100  calories,  mg . 

Ascorbic  acid,  mg . 


Nutritive 
Value 
per  Capita 
per  Day  of 
Total  Food 
Delivered  to 
Kitchens  *  in 


1920-1924 

1936-1940 

3,280 

3,220 

84 

82 

0.77 

0.82 

14 

14 

4,900 

6,000 

1.7 

1.8 

1.7 

1.7 

0.05 

0.05 

80 

90 

Per  Capita 
Allowances  t 
Based  on  1941 
Recommenda¬ 
tions  of  Na¬ 
tional  Research 
Council’s  Food 
■>  and  Nutrition 
Board 

2,800 

66 

0.9 

12 

4,700 

2.3 

1.6 

0.057 

70 


*  Computations  based  on  unpublished  data  on  consumption,  siipplieil 
liy  O.  V.  Wells,  Bureau  of  Agricultural  Kconomics. 

t  Allowances  suggested  by  the  committee  for  seventeen  age-sex-activity 
groups  were  weighted  by  the  number  of  persons  in  eacli  group  as  judged 
from  the  1940  census  of  population. 


adequacy  tends  to  be  optimistic.  Nevertheless,  the 
differences  between  the  two  five  year  periods  probably 
are  reliable— little  change  in  the  nutritive  value  of  diets 
with  respect  to  food  energy,  protein,  iron  and  most  of 
the  B  vitamins  but  an  upward  trend  in  calcium,  vita¬ 
min  A  value  and  ascorbic  acid. 

SOME  FACTORS  AFFECTING  FOOD  CONSUMPTION 

LEVELS 

Averages  for  the  country  as  a  whole  are  useful  chiefl} 
as  a  background  against  which  to  discuss  variations 
in  consumption.  The  generous  food  supplies  enjoyec 
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by  some  families  bring  up  national  averages  but  confer 
no  benefit  on  those  having  but  meager  re_sources._  Diet¬ 
ary  studies  show  that  within  a  population  families  in 
the  upper  income  classes  tend  to  have  a  greater  variety 
and  abundance  of  food  than  their  less  prosperous  neigh¬ 
bors.  However,  at  each  income  level  the  larger  the 
family  the  less  ample  the  diet  of  each  person  tends 


to  be.  Furthermore,  there  are  wide  variations  in  nutri¬ 
tive  quality  of  diets  even  among  those  having  equal 
economic  resources,  owing  to  differences  in  managerial 
ability  and  knowledge  and  skill  in  food  selection  and 
preparation. 

This  section  of  the  paper  will  be  confined  to  varia¬ 
tions  m  diet  reflecting  differences  in  income,  family  size 
and  management  practices,  with  some  comparison  of 
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tann  and  nonfarni  situations.  These  appear  to  be 
among  the  most  significant,  though  by  no  means  the 
only,  factors  affecting  family  dietary  levels.  Most  of 
the  illustrations  are  taken  from  reports  of  large  scale 
dietary  studies  made  by  federal  agencies  in  1936.'’* 


Chart  3. — Per  capita  consumption  of  fruits  in  the  United  States,  1909 
1939. 


diet  in  relation  to  income 


Comparatively  little  difference  from  one  income  class 
to  another  was  found  in  1936  in  per  capita  consump¬ 
tion  of  grain  products,  of  fats  and,  in  villages  anc 
cities,  of  sugar.  On  farms  there  appeared  to  be  some 
increase  in  sugar  consumption  as  incomes  rose.  o 
in  villages  and  cities  and  on  farms  thei  e  were  m  era  e 


5.  Family  Expenditures  in  Labor 

648,  vol.  2.  United  States  Department  of  Labor,  Hureau 
Statistics,  1940.  Stiebcling  atul  her  associ.ites. 
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increases  in  the  consumption  of  milk,  eggs  cincl  mea^ 
at  successively  higher  income  levels,  with  the  rate  ot 
increase  about  the  same  for  all  of  these  groups  ot 
products.  Of  fruits  and  vegetables  (other  than  pota¬ 
toes  and  dried  beans  and  peas)  there  \yas  a  decided 
increase  in  the  quantities  consumed  as  incomes  went 
up.  In  general,  however,  the  rate  of  increase  in  con- 


Chart  4. — Per  capita  consumption  of  vegetables  in  the  Urited  Slates 

1909-1939.  Oldies, 

sumption  accompanying  successively  higher  incomes 
was  greater  in  the  lower  ranges  of  the  income  scale — 
e.  g.,  under  $1,500  a  year— than  in  the  upper.  Table  2 
illustrates  these  points. 

As  would  be  expected  from  such  trends  in  consump¬ 
tion,  diets  of  higher  income  groups  tend  to  provide 
more  protein,  minerals  and  vitamins  than  those  of  low 
income  groups,  both  absolutely  and  relatively  to  caloric 


Table  2. — Per  Capita  Food  Consumption,  Farm  and  Village  and  City  Families  in  the  United  States:  Estimate  of  Average 
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from  Consumer  Purchases  Study  (Stiebeling  and  her  associates:^'  Stiebeling  ’’),  adjusted  for  seasonal  consumption  and  for  food  eaten 
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value.  'I'lie  nutrients  with  res])ect  to  which  diets  of 
low  and  high  income  groups  differ  most  widely  are 
calcium,  vitamin  A,  ascorbic  acid  and  rihotiavm. 

Farm  family  diets  differ  from  those  of  village  and 
city  dwellers  in  a  number  of  respects.  At  comparable 
income  levels  farm  groups  consume  per  capita  decidedly 
more  of  the  important  energy  yielding  foods— gram 


Chart  5. — Per  capita  consumption  of  dairy  products  in  the  United 
States,  1909-1940. 


products,  potatoes,  mature  beans  and  peas,  sugars  and 
fats,  reflecting  perhaps  the  heavier  manual  work,  longer 
hours  of  toil  and  probably  greater  exposure  to  weather. 
Farm  families  consume  more  milk  too.  This  is  due, 
in  part,  to  the  fact  that  cows  are  milked  on  about 
three  fourths  of  the  farms  in  this  country.  Milk,  then, 
is  available  for  use  by  many  families  without  direct 
cash  outlay,  and  hence  there  are  fewer  economic  bar- 
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riers  lo  its  use.  luirtherniore,  on  farms  there  are 
more  children  per  family  than  in  urban  areas.  The 
census  of  1940  showed  that  of  every  hundred  persons 
on  rural  farms  there  were  32  persons  under  15  years 
as  contrasted  with  22  in  cities. 

Farm  families  do  not  consume  more  than  city  groups 
of  all  kinds  of  food,  however.  In  general,  on  a  per 
ca])ita  basis,  they  tend  to  eat  less  meat,  poultrv  and 


Chart  6. — Per  capita  consumption  of  meats  in  the  Lnited  States,  1909 
1939. 


fish  and  less  fruit  and  vegetables  (other  than  potatoes 

and  mature  beans  and  peas). 

Knowledge  is  still  too  incomplete  to  inake  possible 
a  thoroughgoing  appraisal  of  the  nutritive  adequacy 
,.f  the  diets  of  this  nation.  There  is  need  for  more 
information  regarding  both  nutritive  values  of  foo  as 
commonlv  eaten  and  human  nutritional  needs.  Hut  a 
provisional  picture  of  the  nutritive  quality  of  diets 
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of  various  population  groups  can  come  from  the  Bureau 
of  Home  Economics  classification  of  family  dietaiy 

records  by  their  nutritive  content.^* * 

On  the  basis  of  these  studies  tentative  estimates  loi 
1936  indicate  that  about  one  fourth  of  the  families 
in  this  country  had  diets  that  could  be  rated  good,  more 
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Corn  ~ 
Wheat 


•  mCLVOtS  C*4/NS  (/SCO  IN  IHt  MANUPtCTVUt  Of  Biett 
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Chart  7.— Per  capita  consumption  of  wheat,  corn  and  other  cereals  for 
food  in  the  United  States,  1909-1939.  This  includes  grains  used  in  the 
manufacture  of  beer.  Other  cereals  include  rye,  barley,  oats  and  rice 
used  for  food  and  industry  and  in  fermented  malt  liquors. 


than  a  third  diets  that  could  be  considered  fair  and 
another  third  diets  that  should  be  classed  as  poor.'^ 
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Recently  the  food  records  from  these  studies  have  been 
reclassified  by  separating  from  those  formerly  called 
good  the  ones  that  provided  the  several  nutrients  in 
the  quantities  recommended  in  1941  by  the  National 
Research  Council’s  Food  and  Nutrition  Board.  In 
this  paper  these  diets  of  higher  nutritive  value  have 
been  labeled  excellent.  Considerably  fewer  than  a 
fourth  of  the  nation’s  families  in  1936  would  have 
been  in  the  excellent  diet  category. 

At  successively  higher  incomes  there  generally  is 
found  an  increasing  proportion  of  families  with  diets 
that  could  be  graded  excellent.  This  follows  from  the 
larger  quantities  of  milk,  butter,  meat,  eggs,  succulent 
vegetables  and  fresh  fruits  usually  found  in  the  more 
expensive  diets.  Chart  8  shows  the  proportion  of 
families  at  dififerent  income  levels  with  diets  classed  as 
excellent,  fair  or  good.  (The  chart  is  based  on  food 
records  obtained  in  1936  from  village  and  city  families 
of  parents  and  one  or  two  children  living  in  the  North 
and  West.)  In  the  income  class  $500-$999,  about  10 
per  cent  had  excellent  diets;  in  the  class  $3,000  and 
over,  40  j)er  cent. 

Both  on  farms  and  in  villages  and  cities,  family 
diets  vary  in  their  richness  with  respect  to  different 
nutrients  at  any  given  level  of  food  expenditure.  Take, 
for  example,  diets  of  families  in  the  North  and  West 
with  food  worth  30  to  40  cents  a  day  per  man— a  not 
uncommon  level  of  food  expenditure  in  1936.  About 
70  per  cent  of  the  village  and  city  families  in  this 
population  group  had  food  that  provided  less  calcium 
than  that  recommended  by  the  Food  and  Nutrition 
Board.  Thirty  per  cent  had  less  vitamin  A,  70  per 
cent  less  ascorbic  acid  and  75  per  cent  less  riboflavin. 
On  farms,  30  per  cent  of  families  with  food  valued 
at  30  to  40  cents  a  day  per  man  had  diets  providing 
less  than  the  recommended  quantities  of  calcium,  20 
per  cent  less  of  vitamin  A.  60  per  cent  less  of  ascorbic 
acid  and  40  per  cent  less  of  riboflavin.  (Because  farm 
furnished  food  was  valued  at  less  than  urban  retail 
prices,  a  given  sum  represents  a  greater  total  volume 
of  food  among  farm  than  among  nonfarm  groups ,  this 
fact  as  well  as  characteristic  differences  in  diets,  flis- 
cussed  earlier,  accounts  for  the  differences  in  nutritive 
value  just  noted.) 
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No  one  should  assume  that  all  families  with  diets 
falling  short  of  desirable  goals  suffer  from  obvious 
nutritional  deficiencies.  But  the  diets  of  many  such 
families  are  amenable  to  improvement,  the  degree 
dependent  on  the  extent  to  which  the  diet  falls  short  of 
optimum.  Many  diets  that  are  “passable  in  the  sense 
that  their  nutritive  quality  is  not  questioned  by  the 
general  public  cannot  be  considered  satisfactory  by  the 
scientist  with  an  insight  into  the  contributions  that 
food  at  its  best  can  make  to  the  well-being  of  the 
individual  and  the  race. 

Food  plays  an  important  part  in  determining  the 
composition  of  body  tissues  and  the  fluids  that  bathe 


UNDER  500 


500-  999 


1.000-  1.499 


1.500-  t,999 


2.000-2599 


3,000  9  OVER 


PERCENTAGE  OF  FAMILIES 


Chart  8. — Percentage  of  families  in  various  income  classes  having  diets 
of  specified  nutritive  value.  Dotted  area  indicates  excellent;  diagonal  lines, 
fair;  black,  poor. 


the  cells,  forming  what  Sherman  calls  the  “internal 
environment”  in  which  life  itself  goes  on.®  Differences 
in  this  environment,  many  of  which  may  be  too  small 
to  be  measured  by  present  methods,  definitely  affect 
the  plane  on  which  physical  and  mental  functioning 
go  on.  As  far  as  the  immediate  or  long  term  well-being 
of  a  person  can  be  improved  through  dietary  better¬ 
ment,  that  person  falls  short  of  being  truly  well  fed. 

A  nationwide  study  has  not  been  made  of  the  preva- 
lence  of  inferior  nutritional  status.  Were  one  to  mea- 


8._  Sherman,  H.  C. ;  Some  Aspects  of  the  Present  c 
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sure  the  incidence  of  malnutrition  in  the  United  States 
merely  by  the  number  of  death  certificates  that  list 
malnutrition  as  a  primary  cause,  the  country  would 
appear  to  be  singularly  free  from  this  reproach.  In 
recent  years  considerable  progress  has  been  made  in 
developing  technics  for  measuring  nutritive  status  and 
revealing  incipient  malnutrition  through  biochemical 
or  physiologic  tests.  Viewed  broadly,  the  results  of 
such  studies  support  conclusions  derived  from  an 
appraisal  of  diets  of  various  population  groups.  To 
cite  from  but  one— a  study  made  recently  in  New 
York  City  comparing  the  nutritive  status  of  children 
in  a  school  serving  chiefly  families  of  the  lower  income 
group  with  those  in  a  private  school  patronized  by 
the  more  well  to  do :  ®  In  the  low  income  group  more 
than  three  fourths  of  the  city  children  examined 
showed  some  stage  of  avitaminosis  A,  three  fourths 
some  degree  of  ariboflavinosis  and  one  half  plasma 
levels  of  ascorbic  acid  below  0.6  mg.  per  hundred  cubic 
centimeters.  In  the  high  income  group  less  than  3  per 
cent  of  the  children  showed  mild  ariboflavinosis  and 
less  than  6  per  cent  had  ascorbic  acid  levels  below 
0.6  mg.  per  hundred  cubic  centimeters.  Studies  in 
other  ccmmunities  also  show  diflerences  in  nutritive 
status  associated  with  dietary  dift'erences  characteristic 
of  various  economic  groups. 


Prenatal  Diet  on  the  Motner  ana  j. 

1941.  Kooser,  J.  II..  and  Blankenhorn.  M. 
Flealth:  A  Dietary  Survey  of  Kentucky 
and  in  Nonpellagrous  Coinmunities.  j.  M- 
1941. 
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diet  in  relation  to  size  of  family 

AND  INCOME 

The  size  of  the  family  as  well  as  its  income  cletei- 
mines  how  much  money  may  be  spent  foi  the  food 
of  each  person,  hor  example,  in  small  Noith  Central 
cities  in  1935-1936,  families  of  two  persons  with 
incomes  of  $500  to  $750  sjient  an  average  of  about 
11  cents  a  meal  i:)er  person.  When  there  were  four 
in  the  family,  it  seemed  to  take  incomes  of  $1,250  to 
$1,500  to  afford  approximately  11  cent  meals;  and 
with  five  or  six  in  the  family,  incomes  of  $2,000  to 
$2,250.^“  While  the  larger  sized  family  can  effect 
some  economies  in  the  purchase  of  food  as  well  as  in 
its  preparation,  these  economies  seldom  compensate 
for  the  progressive  reductions  in  a^•erage  food  expendi¬ 
tures  per  person  made  within  an  income  class  liy 
groups  of  families  progressively  larger  in  average  size. 
In  general,  within  an  income  class,  the  larger  the  family 
the  less  money  is  available  for  the  food  of  each  person 
and  therefore  the  smaller  the  quantities  of  protective 
food  bought  for  each  person  and  the  smaller  the  pro¬ 
portion  of  families  with  diets  that  can  he  classed  as 
excellent. 


DIET  IN  RELATION  TO  MANAGEMENT  PRACTICES 


At  every  level  of  money  value  of  fcKjd,  some  families 
succeed  in  obtaining  better  diets  than  others.  Granted 
that  there  are  minimum  expenditures  below  which  fully 
adequate  diets  cannot  be  purchased  and  that  increases 
in  economic  resources  simplify  the  matter  of  obtaining 
satisfactory  meals,  it  should  be  noted  that  even  liberal 
expenditures  for  food  do  not  guarantee  adequate  diets. 
1  he  homemaker  who  is  a  good  manager  and  a  good 
cook,  who  keeps  iq)  to  date  on  food  values  and  nutrition 
and  applies  this  knowledge  to  her  meal  planning  is 
likely  to  keep  her  family  well  fed.  She  knows  how 
to  buy  food  economically,  to  prei:)are  it  appetizingly 
and  to  serve  it  attractively.  Without  such  skills  and 
thrift  in  market  and  kitchen,  a  family  may  be  aware 
of  the  importance  of  good  nutrition  but  be  unable  to 
achieve  it  within  the  limits  of  its  resources. 

Families  in  the  higher  income  classes  are  somewhat 
more  likely  to  buy  satisfactory  diets  than  those  with 


FHai.  Day;  Phelps,  Elizabeth,  and  Rainboth 

Edith  rX:  Family  Income  and  Expenditures,  Five  Regions-  Part  ? 
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396,  United  States  Department  of  Agriculture,  1940  puMication 
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more  limited  economic  resources,  even  with  the  same 
expenditures  for  food.  Not  only  do  family  members 
in  the  higher  income  classes  usually  have  the  advantage 
of  a  longer  period  of  formal  education,  but  they  are 
the  more  likely  to  have  radios  and  periodicals  that  bring 
up  to  date  nutrition  information,  including  facts  regard¬ 
ing  food  requirements,  food  values  and  selection  and 
wise  food  preparation.  In  addition,  they  are  more 
likely  to  have  the  resources  and  storage  space  that 
are  needed  for  buying  food  on  a  relatively  large  scale. 
The  hand  to  mouth  or  meal  by  meal  buying  that  many 
low  income  families  resort  to  is,  of  course,  a  relatively 
expensive  practice. 

Farm  families  face  additional  problems  in  safeguard¬ 
ing  the  nutritive  quality  of  diets.  Most  of  them  must 
raise  a  substantial  share  of  their  food  supply  if  they 
are  to  be  well  fed.  This  requires  labor.  It  requires 
land  for  food  and  feed  and  capital  for  investment 
in  cows,  pigs,  chickens  and  farm  equipment  for  pro¬ 
duction.  It  requires  managerial  ability  in  planning 
ahead  for  months  and  even  years.  It  requires  knowl¬ 
edge  and  skill  for  production  and  conservation  of  food. 
It  requires  courage  when  weather  hazards  or  uncon¬ 
trollable  insect  pests  bring  ruin  to  months  of  work. 
But  well  planned  home  food  production  programs 
enable  farm  families  in  many  communities  to  enjoy 
diets  of  enhanced  nutritive  value. 

A  dollar’s  worth  of  milk,  eggs,  meats,  vegetables 
and  fruits  from  the  farm  (valued  at  prices  farmers 
would  pay  if  they  bought  them  from  neighbois)  repre¬ 
sents  much  higher  returns  in  the  nutritive  essentials 
than  a  dollar’s  worth  of  staple  products  such  as  white 
flour,  lard,  sugar  and  coffee  bought  at  the  retail  food 
store.  Dietary  studies  among  farm  groups  have  shown 
that  within  a  given  income  class,  especially  at  the  lower 
range  of  the  income  scale,  adequacy  of  diet  depends 
much  less  on  the  cash  spent  for  food  than  on  the  quan¬ 
tity  and  variety  of  farm  furnished  food.  Of  course, 
highest  returns  for  productive  effort  will  come  if  plan¬ 
ning— with  human  needs  in  mind— precedes  the  work 
of  production.  Agencies  working  to  help  farm  fami¬ 
lies  improve  their  living  levels  have  placed  increasing 
emphasis  on  planning  ahead  for  the  prcxluction  and 
purchase  of  an  adequate  family  food  supply  on  a  yeai 
round  basis. 
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THE  DIETARY  SITUATION  IN  THE  EARLY  1940’S 
AS  COMPARED  WITH  THE  MIDDLE  1930’S 


There  are  reasons  to  believe  that  diets  in  the  United 
States  were  better  in  1940  and  1941  than  five  years 
earlier.  Many  families  had  higher  incomes  and  could 
buy  more  and  better  food.  With  the  acceleration  of 
the  defense  program,  many  unemployed  got  jobs,  WPA 
employed  workers  got  better  jobs,  part  time  workers 
got  full  time  employment,  and  some  workers  in  defense 
industries  got  higher  wages.  Food  prices  were  at  a 
low  level  in  1940  and  early  1941,  so  that  despite  the 
rises  in  the  cost  of  food  during  the  latter  part  of  1941 
incomes  of  wage  earners  bought  more  food  in  both 
1940  and  1941  than  five  years  earlier.  Indeed,  it  seems 
possible  that,  with  their  increased  power  to  buy,  at 
least  one  family  out  of  every  seven  that  had  had  poor 
diets  in  1936  was  able  to  obtain  a  fair  or  good  diet 
in  1941. 

Public  interest  in  food  has  been  on  the  increase  tor 
many  years,  thanks  to  the  cumulative  effect  of  sound 
educational  programs.  The  National  Nutrition  Con¬ 
ference  for  Defense  called  by  the  President  in  1941 
highlighted  the  subject  so  that  it  has  become  the  focal 


point  for  the  research,  teaching  and  action  programs 
of  an  increasing  number  of  persons,  groups  and  agen¬ 
cies.  Following  this  conference  there  has  been  renewed 
interest  in  establishing  state  and  local  nutrition  com¬ 
mittees  whose  function  it  is  to  integrate  the  work 
of  all  groups  that  impinge  on  the  problem  of  better 
diets.  This  action  has  greatly  stimulated  the  demand 
for  simple  educational  material  and  effective  methods 
to  help  families  redirect  their  dietary  habits  and  to 
revamp  their  management  practices  for  the  sake  of 
improving  dietary  levels. 

Public  interest  in  nutiition  also  has  led  to  growing 
concern  regarding  the  nutritive  value  of  common  foods 
and  the  effect  of  processing  on  them.  On  the  recom¬ 
mendation  of  the  National  Research  Councils  Food 
and  Nutrition  Board,  millers  and  bakers  began  in 
1941  to  put  on  the  market  an  “enriched”  white  flour 
and  bread,  thereby  contributing  to  the  thiamine  nico¬ 
tinic  acid  and  iron  content  of  diets  of  families  custo 

TwX  products 

tkl'  V’  and  British  scien¬ 

tists  and  policy  makers  have  recommended  that  flour  in 
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those  countries  be  milled  somewhat  less  highly,  so  that 
more  of  the  vitamin  and  mineral  content  of  the  original 
berry  is  retained,  thus  securing  without  “restoration” 
a  product  much  more  nutritious  than  patent  flour. 

The  manufacture  of  vitamin  concentrates  and  the 


]3roduction  of  synthetic  vitamins  have  been  stepped  up 
greatly  during  the  last  few  years.  These  special  foods 
can  play  a  useful  role  in  dietary  reinforcement,  although 
their  indiscriminate  use  often  wastes  money  which 
might  better  be  spent  for  ordinary  food. 

Contributing  directly  to  dietary  improvement  for 
several  years  were  the  several  food  distribution  pro¬ 
grams  of  the  United  States  Department  of  Agriculture. 
The  food  stamp  program,  direct  distribution,  school 
lunches  and  arrangements  for  low  priced  milk  helped 
channel  an  enlarged  share  of  national  food  supplies  to 
needy  persons. As  a  result,  almost  175  million  dol¬ 
lars’  worth  of  additional  food  was  made  available  to  the 
underprivileged  in  1940-1941.  Although  this  amount 
was  small  compared  to  the  total  food  hill  of  the  country, 
the  programs  were  of  very  great  importance  to  the 
participants. 

In  1940-1941  a  monthly  average  of  8.8  million  per¬ 
sons  in  family  groups  received  foods  made  available 


11  The  food  stamp  program  was  operating  early  m  1942  in  areas  con¬ 
taining  more  than  half  of  the  nation’s  population.  Blue  stamps,  given 
under^certain  arrangements  to  public  aid  families,  served  to  increase  by 
Xout  50  per  cent  the  food  buying  power  of  those  taking  part  in  the 
nrogram  Commodities  designated  by  the  Secretary  of  Agriculture  were 
Laflable  at  local  stores  in  exchange  for  the  blue  stamps.  Blue  stamp 
frvrwdQ  listed  during  January  1942,  for  example,  included  eggs,  * 

DoS  fresh  pSrs?  apples.  oLnges,  grapefruit,  fresh  vegetables  including 
potatoes  dried  pfunes,  dry  belns,  corn  meal,  hominy  (corn)  grits  and 

''^Where^°the  *food  Ttamp  program  was  not  in  operation,  commodities  bought 
bv  the  Surplus  Marketing  Administration  under  programs  designed 
sfrenShen  firm  kMs  Icre  di.lriboMd  by  "Sfi 

dd  fam'lias.  The  supplies  so  distributed,  are  ,n  add, t, on  to  what  these 
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-one  supplied  milk  a  penny  a  half  pint. 
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under  the  direct  distribution  program,  and  an  ayerap 
of  2.9  million  persons  a  month  participated  m  the 
food  stamp  program.  The  school  lunch  program 
reached  an  average  of  2.9  million  children  a  month 
during  the  year  (4.7  million  in  March,  the  peak  month). 
Under  the  penny  milk  program,  more  than  900,000 
children  in  eight  cities,  principally  New  York,  pur¬ 
chased  nearly  12  million  quarts  of  milk.  About  460,000 
persons  in  family  groups  in  six  cities  participated 
in  low  priced  milk  programs,  purchasing  68  million 
quarts.^" 

As  far  as  studies  have  been  made  it  seems  clear 
that  participants  in  these  programs  had  better  lyil- 
anced  as  well  as  more  abundant  diets  than  nonpartici¬ 
pants  of  equal  economic  status.  Something  of  the 
variety  of  the  foods  made  available  through  the  pro¬ 
grams  is  indicated  by  the  following  list :  butter,  eggs, 
pork,  lard,  potatoes,  other  fresh  vegetables,  dry  beans, 
rice,  corn  meal,  wheat  flour  (white  and  whole  wheat), 
oranges,  grapefruit,  apples  and  prunes.  All  these  foods 
were  bought  in  comparatively  large  quantities  with  blue 
stamps  in  1940.  (The  list  of  foods  available  under  the 
several  programs  varies  from  month  to  month.)  These 
foods  were  not  merely  superimposed  on  supplies  that 
would  normally  be  purchased.  Participating  families 
follow  the  procedure  of  farm  families^ — modifying  their 
usual  purchases  somewhat,  the  better  to  complement 
those  obtained  without  direct  outlay. 


Both  the  school  lunch  and  food  stamp  program  in 
1940  reinforced  the  diets  of  participants  in  many  direc¬ 
tions,  but  especially  with  respect  to  vitamin  A,  thia¬ 
mine  and  ascorbic  acid.  Food  obtained  directly  through 
the  program  contributed  little,  however,  to  correctiiig 
the  frequently  recurring  shortages  of  calcium  and  ribo¬ 
flavin.  The  fact  that  the  programs  were  in  operation, 
however,  contributed  to  this  end.  For  example,  studies 
have  shown  that  stamp  plan  ])articipants  bought  more 
milk  than  comparable  non{)articipants  (milk  is  an  eco- 


uiarlment'rf  State. 
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noinical  source  both  of  calcium  and  riboflavin,  among 
other  nutrients).  Furthermore,  sponsors  of  school 
lunches  in  many  communities  provided  milk  to  supple¬ 
ment  meals  that  could  be  prepared  from  foods  furnished 
by  the  Surplus  Marketing  Administration. 

The  two  government  aided  milk  programs  directly 
encouraging  milk  consumption  among  needy  families 
were  on  a  small  scale  in  1940.  That  families  will 
greatly  increase  their  purchases  of  milk  when  it  is 
available  at  a  low  price  is  illustrated  by  figures  from 
a  study  made  in  Washington,  D.  C. ;  Before  the  pro¬ 
gram  was  begun  white  participants  consumed  milk  in 
all  forms  (fluid  or  evaporated  or  in  the  form  of  cheese 
or  ice  cream)  in  quantities  equivalent  in  nonfat  milk 
solids  to  2.50  quarts  of  fluid  milk  a  week  per  person 
and  to  4.06  quarts  after  the  program  went  into  effect; 
among  Negro  families,  the  average  quantity  was  equiv¬ 
alent  to  1.89  quarts  a  week  per  person  during  the 
preprogram  study,  compared  with  3.48  quarts  after¬ 
ward. 

It  is  difficult  to  estimate  the  net  effect  on  dietary 
levels  of  any  public  aid  food  distribution  programs. 
How  much  the  nutritive  value  of  the  customary  diets 
of  families  on  relief  is  improved  depends  on  many 
things,  including  the  usual  food  consumption  of  fami¬ 
lies  before  their  participation  in  the  program,  the 
variety  and  quantity  of  foods  purchasable  or  distributed 
through  the  programs  and  the  adjustments  in  usual 
diet  patterns  that  families  make  because  of  the  foods 
available  under  the  program. 

Over-all  per  capita  consumption  of  many  foods  was 
higher  in  1940  and  1941  than  in  1936  as  a  lesult 
of  the  combined  influence  of  educational  programs, 
increased  power  of  consumers  to  buy,  food  distribution 
programs  and  more  abundant  food  supplies.  Gains 
were  greatest  in  fruit  and  fresh  vegetables.  Consump¬ 
tion  of  fresh  citrus  fruit  was  more  than  a  third  higher 
—other  fruit  and  fresh  vegetables  between  10  and  li) 
per  cent  higher.  Consumption  of  meat  and  eggs  was 
8  to  10  per  cent  higher,  but  of  dairy  products  less  than 
5  per  cent  higher.  There  was  a  slight  decrease  in 
the  quantities  of  grain  products  and  potatoes.  _  es 
shifts  probably  have  meant  considerable  increases  in 
ascorbic  acid  content  of  American  diets  and  some 
increase  in  the  consumption  of  protein,  thiamine  and 
riboflavin. 
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To  provide  the  nutrients  in  quantities  and  propor¬ 
tions  recommended  by  the  National  Research  Council  s 
Food  and  Nutrition  Board,  the  Bureau  of  Home  Eco¬ 
nomics  has  evolved  a  number  of  plans  for  market  lists 
at  various  cost  levelsd*  These  market  lists  are  in  teims 
general  enough  to  he  followed  in  any  part  of  the  coun- 
trv.  If  every  one  in  the  United  States  should  follow 
such  plans  and  thus  redirect  dietary  habits,  1936  levels 
of  consumption  for  the  country  as  a  whole  would  be 
increased  by  at  least  50  per  cent  in  milk  and  by  at 
least  50  to  100  per  cent  in  vitamin  C  rich  fruits  and 
the  nutritionally  important  leafy,  green  and  yellow 
vegetables.  The  increases  in  the  consumption  of  milk 
in  its  various  forms — skim  milk,  fluid  and  dry,  cheeses 
and  evaporated  milk  as  well  as  whole  fluid  milk — would 
help  enrich  diets  in  both  calcium  and  riboflavin.  At 
the  present  time  too  large  a  proportion  of  our  skim 
milk — a  product  that  supplies  all  the  nutrients  of  milk 
below  the  cream  line — is  used  in  animal  feed  rather 
than  for  human  consumption. 

Whether  in  the  war  years  the  dietary  gains  of  the 
early  forties  can  be  maintained  or  accelerated  and 
improvements  in  still  other  directions  initiated,  time 
alone  will  tell.  Enormous  quantities  of  food  are  needed 
for  our  own  civilian  population  and  armed  forces 
and  for  those  of  other  countries  resisting  aggression. 
Unless  enough  food  and  food  of  the  right  kind  is 
produced  and  equitaldy  distributed  dietary  levels  will 
fall. 


Whether  the  nutritional  gains  of  the  40’s  can  be 
maintained  or  accelerated  during  the  war  period  and 
improvement  in  diets  be  accomplished  in  still  other 
directions  remains  to  be  seen.  Public  and  private  groui)s 
and  many  individuals  are  directing  much  energy  to  this 
end,  but  enormous  quantities  of  food  are  needed  for  the 
civilian  population  and  armed  forces  of  this  country, 
for  those  of  the  United  Nations,  and  for  the  relief  and 
rehabilitation  of  populations  as  they  are  liberated  from 
Axis  control.  Food  has  become  a  powerful  weapon 
of  war.  ^ 


In  1942  the  shipping  situation  cut  short  the  supplies 
of  sugar  and  coffee  in  this  country  and  necessitated 
economy  in  the  use  of  fats,  hut  tlie  needed  restrictive 
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measures  caused  no  anxiety  for  Hie  nutritional  welfare 
of  this  country.  In  1943  there  was  a  great  increase  in 
the  ability  of  many  peojile  to  hny.  This,  together  with 
a  reduction  of  market  sniijilies  of  many  civilian  goods 
sitch  as  antomohiles  and  household  equipment  and  fur¬ 
nishings,  increased  greatly  the  market  demand  for  food. 
.\s  a  result,  processed  foods,  meats,  and  fats  were 
rationed  to  help  ec|ualize  distrihution. 

W’e  may  expect  to  continue  to  share  our  food  sup- 
])lies  for  some  time  to  come  and  in  the  meanwhile  we 
may  he  called  upon  to  learn  to  use  more  of  some 
foods  to  which  we  are  but  little  accustomed ;  hut  what¬ 
ever  lies  ahead,  all  of  us  as  consumers  can  make  a  real 
contribution  to  dietary  adequacy  in  this  country  if  we 
will  make  every  effort  to  use  food  wisely  by  avoiding 
waste  and  by  bringing  our  food  habits  more  closely 
into  line  with  the  teachings  of  the  modern  science  of 
nutrition. 


CHAPTER  XXII 


MEDICAL  EVALUATION  OP  NUTRl- 
1'IONAL  S'l'ATUS 

H.  l).  KRUSK,  M.I). 

NEW  VOKK 

Evaluation  of  nutritional  status  is  designed  primarily 
to  determine*  whether  a  person  is  malnourished.  At 
once  this  stated  aim  raises  several  questions.  What 
is  malnutrition?  What  are  its  specific  manifestations? 
If  it  is  to  be  recognized,  its  characteristics  must  he 
known.  Wdiich  of  these  should  he  selected  as  a  basis 
for  detection?  Assuredly  the  methods  must  be  founded 
on  qualities  which  adequately  represent  malnutrition. 

The  very  name  evaluation  of  nutritional  status  indi¬ 
cates  that  the  procedure  includes  something  more  than 
placing  a  person  in  either  of  the  two  categories :  well 
nourished  or  malnourished.  If  malnutrition  is  found 
it  is  also  desirable  to  ascertain  its  severity.  Malnu¬ 
trition  occurs  in  all  degrees.  If  a  sufficiently  large 
numl)er  of  persons  at  random  were  examined  by  the 
most  sensitive  and  specific  methods,  their  nutritional 
condition  would  form  a  continuous  series  from  perfec¬ 
tion  to  extreme  malnutrition.  It  is  necessary  to  classify 
the  series  into  degrees,  to  establish  standards  and  to 
have  a  scale  of  rating.  Then  a  person’s  status  may  be 
compared  with  standards  and  rated  accordingly.  Here 
we  are  concerned  with  something  more  than  detection 
of  malnutrition  ;  we  also  want  to  measure  it.  Eor  this 
is  needed  a  system  of  examination  which  is  not  only 
specific  but  also  sensitive.  The  metk.ods  must  permit 
distinction  of  fine  difterences  in  measuring  malnutrition. 

In  answering  the  questions  W'hat  is  malnutrition? 
and  What  items  .should  he  examined?  it  will  he  seen 
that  the  concept  of  malnutrition,  the  methods  and 
criteria  of  evaluating  it  are  inseparably  linked,  p^or 
the  methods  and  criteria  reflect  the  views  on  the  nature 
of  malnutrition.  All  three  aspects  have  been  under¬ 
going  an  evolution  during  the  past  half  century. 


426 


//.  D.  KRUSR 


CROSS  SECTIONAL  METHODS  OF  EXAMINATION 


Most  of  the  methods  of  examining  for  nutritional 
status  have  been  devised  for  application  on  large  groups 
of  persons,  especially  school  children  and  army  recruits. 
Here  the  examination  is  a  screening  process  that  will 
both  separate  and  rate  the  malnourished. 

One  of  the  early  methods,  the  physician’s  estimate 
from  inspection,  has  undergone  a  series  of  changes. 
In  1905  Koppe  ^  regarded  nutrition  as  one  of  eight 
components  of  constitution.  To  him  nutritional  status 
was  indicated  by  the  amount  of  panniculus  adiposus. 
Each  of  the  constitutional  components,  including  sub¬ 
cutaneous  fat,  was  rated  in  five  grades.  The  grades 
for  all  components  totaled  and  averaged  gave  the  score 
for  constitution.  Obviously  nutritional  status  was 
completely  obscured  in  constitution. 

In  1908  Gastpar  ^  used  three  items  for  judging  and 
five  grades  for  designating  nutritional  status.  Pupils 
were  divided  into  two  groups,  anemic  and  nonanemic, 
according  to  the  circulation  in  cutaneous  and  mucous 
membranes.  The  first  group  was  then  divided  into 
two,  the  latter  into  three  subgroups  according  to  mus¬ 
culature  and  subcutaneous  fat.  The  grades  were :  good, 
fair,  poor,  fair  and  anemia,  poor  and  anemia. 

Hogarth  ®  appraised  nutrition  as  part  of  physical  con¬ 
dition.  The  latter  was  composed  of  three  factors : 
physical  stature,  general  nutrition,  circulation  in  the 
superficial  membranes.  Each  factor  could  be  rated  in 
five  possible  grades.  Musculature  and  panniculus  adipo¬ 
sus  were  the  basis  of  judgment  for  nutrition.  The 
possible  ratings  were  (1)  excellent  muscular  develop¬ 
ment,  (2)  well  nourished  and  healthy,  (3)  medium, 
(4)  thin  or  fat  and  flabby  tissues,  (5)  very  thin.  But 
nutrition  lost  much  of  its  identity  in  the  three  figured 


score  for  physical  condition. 

According  to  Howarth  ^  physical  state  is  evidenced 
by  height,  weight  and  nutrition.  His  basis  of  judging 
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nutrition  was :  skin  and  mucous  membranes,  bail ,  alei  t- 
ness,  muscular  tone.  There  were  three  grades  of 

nutrition.  ,  • 

In  the  Dunfermline  system"  the  following  points 
were  taken  into  consideration:  height  and  weight  in 
relation  to  age;  general  appearance;  mucous  mem¬ 
branes,  skin  and  subcutaneous  tissues;  muscular  tone 
and  development;  facial  expression,  carriage,  move¬ 
ments,  voice,  interest  and  attention.  At  first  nutri¬ 
tional  status  was  recorded  as  good  (above  average), 
medium  (average)  and  bad  (below  average).  Latei 
“the  nutrition  of  the  healthy  child  of  good  social  stand¬ 
ing”  was  the  basis  of  classification,  being  given  the 
rating  excellent.  When  nutritional  status  just  fell  short 
of  this  it  was  regarded  as  good.  When  it  was  on  the 
borderline  of  serious  impairment  it  was  designated  as 
“requiring  supervision.”  When  it  w'as  seriously 
impaired  it  received  the  notation  “requiring  medical 
treatment.” 

Against  the  systems  of  evaluation  by  inspection  there 
was  considerable  criticism.  In  a  frank  critique  the 
London  County  Council  report  ®  for  1909  pointed  out 
serious  difficulties.  Anemia  was  so  complicated  by 
complexion  that  it  was  difficult  to  assess  by  inspection. 
Furthermore,  it  stated,  the  physician  himself  introduced 
a  large  personal  element. 

Indeed,  the  shortcomings  of  the  inspection  methods 
were  numerous  and  serious.  At  first  nutrition  was 
overshadowed  as  a  component  of  constitution  or  physi¬ 
cal  condition.  But,  even  when  nutritional  status  was 
the  specific  and  sole  objective,  clinical  examination  in 
practice  showed  lack  of  uniformity  and  agreement.  The 
general  criticism  was  that  it  failed  because  of  subjec¬ 
tivity  in  judgment.  There  are  reasons  for  much  of  this 
subjectivity.  As  has  been  noted,  there  was  no  agree¬ 
ment  on  items  regarded  as  indicative  of  nutrition  for 
judgment  of  status.  Then  too,  standards  were  relative 
rather  than  absolute.  Laveran  ^  remarked  that  estimate 
of  status  depended  on  comparison  with  variable  or 
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unsatisfactory  standards.  Conditions  just  previously  or 
most  frequently  seen  intlnenced  the  rating  assigned  to 
a  person.  Moreover,  there  was  much  variation  in 
number  and  names  of  groups;  i.  e.,  in  rating  scale.  But 
even  when  all  these  points  of  variation  were  fixed, 
there  was  still  much  disagreement.  When  a  group 
of  children  were  examined  by  several  physicians,  using 
the  same  items  and  scale,  there  was  still  no  uniformity 
in  the  ratings.®  Derryberry stated  “Whether  a  child 
is  rated  as  malnourished  or  not  depends  more  on  the 
physician  who  is  the  examiner  than  it  does  on  the 
actual  condition  of  the  child.’’  It  became  clear  that 
even  under  rigidly  controlled  conditions  there  was  a 
large  element  of  subjectivity  in  the  physician’s 
judgment. 

In  the  need  for  an  objective  method  of  judging  nutri¬ 
tion  a  new  approach  was  taken.  Since  normal  growth 
is  a  manifestation  of  satisfactory  nutrition,  growth  was 
taken  as  a  measure  of  the  nutritive  state.  The  imme¬ 
diate  question  then  was :  How  shall  growth  be  mea¬ 
sured  ? 


As  weight  and  height  had  been  used  to  follow  growth 
and  development,  they  were  used  to  measure  nutrition.^’’ 
They  were  referred  to  each  other,  and  individually  or 
in  combination  to  age:  weight  for  age,  weight  for 
height,  weight  for  height  and  age,  and  height  for  age. 
Standard  weights  were  derived  from  statistical  analysis 
of  data  collected  on  children  supposedly  in  good  nutri¬ 
tive  condition.  These  standards  were  presented  in 
reference  tables.^ ^  In  other  instances  weight  and  height 
were  used  in  a  simple  ratio  to  give  an  index  numbei 
which  could  be  compared  with  a  standaid. 


8  Kranzen  Raymond:  Physical  Measures  of  Growth  and  Nutri¬ 

tion,"  New  York,  American  Child  Health  Association,  1929,  chapter  , 

‘’‘’■9^  Derry^rrry''^"Mayhew:  Reliability  of  Medical  Judgments  on 

MalnuSS  7ub.  Sth  Rep.  53:263-268  (Feb.  18)  1938. 

lU  Oeder  Gustav:  Das  Korpergewicht  des  erwachsenen  Mensche 

Research  Council,  Special  Report  Senes  No.  101,  1-ondon, 
Majesty’s  Stationery  Office,  1926,  pp.  8-  .  ^  .  jj  j  ,„.,Xge  Tables 
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dren,  Westminster,  P.  S.  King  8:  Son.  1913,  chapter  _,  PP. 
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As  early  as  1909  Oecler and  Oppeiiheinier 
i)ointed  to  inaccuracies  in  using  weight  as  the  measine 
of  nutrition.  Gradually  the  reasons  became  clear,  rcn 
one  thing,  as  it  was  hy  no  means  certain  what  consti¬ 
tuted  normal  growth,  the  suitability  of  available  height 
and  weight  standards  was  open  to  question.  Scarcely 
less  difficult  was  the  question:  How  much  deviation 
from  average  should  be  allowed  for  individual  vai  ia- 
tions?  These  points  led  to  much  cross  criticism.  But, 
troublesome  as  they  were,  there  was  still  a  more  serious 
criticism. 

From  a  study  in  which  there  was  no  more  under¬ 
weight  in  a  group  on  a  poor  diet  than  in  a  grou])  on 
a  good  diet,^'^  the  validity  of  weight  as  an  index  of 
nutrition  was  considerably  shaken.  Indeed,  selection 
by  weight  was  much  less  accurate  than  by  clinical 
examination  when  each  was  referred  to  dietary  data. 
As  might  be  expected,  selection  by  weight  and  by  clin¬ 
ical  examination  when  compared  directly  showed  serious 
disagreement.^®  In  this  discrepancy  the  clinical  exami¬ 
nation,  for  all  its  acknowledged  shortcomings,  was 
regarded  as  superior.  Unfortunate  as  were  the  instances 
when  children  were  diagnosed  as  malnourished  hy 
weight  but  were  well  nourished  according  to  clinical 
examination,  much  more  serious  were  the  instances 
when  children  rated  by  weight  as  well  nourished  showed 
pronounced  signs  of  malnutrition.  It  was  evident  that 


13.  Oppenheinier,  Karl;  Ein  Versuch  zur  objectiven  Darstellung 
des  Ernahrungszustandes,  Deut.sche  nied.  Wchnschr.  35:1835-1838 
1909. 


14.  Hughes,  Elizabeth,  and  Roberts,  Lydia:  Children  of  Preschool 
Age  in  Gary,  Indiana,  Bureau  Publication  122,  U.  S.  Department  of 
Labor,  Children’s  Bureau,  1922,  part  II,  pp.  101-102. 

15.  Roberts,  Lydia:  The  Nutrition  and  Care  of  Children  in  a 
.Mountain  County  of  Kentucky,  Bureau  Publication  110,  U.  S  Depart¬ 
ment  of  Labor,  Children’s  Bureau,  1922,  pp.  28-32. 

16.  Manny  U  A  Comparison  of  Three  Methods  of  DeterminiiiK 

Defective  Nutrition,  Arch.  Pediat.  35:88-94  (Jan)  1918  Clark 
Taliaferro;  Sydenstricker,  Edgar,  and  Collins,  Selwyn  1)  •  Weight 
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methods  employing  weight  as  the  measure  were  inaccu¬ 
rate  for  estimating  the  state  of  nutrition. 

In  retrospect  it  is  seen  that  unwittingly  the  enormous 
misdirected  labors  over  many  years  in  using  weight 
were  based  on  a  fallacy  in  logic.  Because  persons  show¬ 
ing  pronounced  deviations  in  weight  are  malnourished, 
it  was  inferred  erroneously  that  persons  not  showing 
these  deviations  are  well  nourished.  Actually,  on  the 
basis  of  weight  it  is  not  possible  to  characterize  normal 
nutrition.  Nevertheless  weight  was  extensively  used 
in  this  country  until  1930,  when  the  mass  of  accumu¬ 
lated  evidence  against  it  overwhelmed  it. 

Meanwhile,  as  soon  as  the  defects  of  methods  using 
weight  in  association  with  height  and  age  as  a  basis 
of  judging  nutrition  became  evident,  steps  designed  to 
remedy  them  had  been  taken.  IMost  attempts  were 
aimed  at  supplying  new  standards  in  the  hope  of  making 
the  methods  accurate.  These  modifications,  developed 
simultaneously,  took  several  lines. 

One  type  was  the  determination  of  standards  of 
weight  in  normal  nutritive  condition.  In  attempting 
to  appraise  the  nutritive  status  of  adults  by  weight, 
Oeder  encountered  difficulties  similar  to  those  in 
using  the  method  during  growth.  He  attempted  to 
find  the  normal  nutritive  condition  so  that  he  might 
determine  the  range  of  body  weight  associated  with  it. 
Of  bodily  constituents,  fat  was  found  to  be  the  one 
altered  most  extensively  in  starvation  and  adiposity , 
*  representing  extremes  of  nutritive  disturbance,  and  the 
one  reacting  most  sensitively  to  change  in  nutrition. 
Consequently  he  regarded  fatty  tissue  as  the  index  o 
nutritive  condition.  He  listed  four  signs  of  normal 
nutritive  condition,  including  a  definite  thickness  of  fat 
layer  on  the  abdomen.  He  recorded  the  normal  range 
in  the  thickness  of  this  fat  layer  and  the  corresponding 
body  weight.  Then  his  line  of  reasoning  led  him  to 
displace  use  of  weight  by  measurement  of  the  fat  la\er 

on  the  abdomen.^®  .  .  , 

Another  kind  of  attempt  to  improve  the  use  of  weight 

methods  was  the  calculation  of  normal  standards  m 
relation  to  physique.  By  1912  it  was  becommg  appar¬ 
ent  that  variations  in  type  of  body  build  had  to  be 

17.  Oeder,  Gustav:  Der  “normale”  Ernahrungszustand  des  erwachsenen 

Menschen,  Med.  Klin.  5  (2)  :  1225-1229,  190  .  ,  ,  ^  Ernahrungs- 

18.  Oeder,  Gustav:  Die  Fet^°>®%d'cke  ^^pril  24) 
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considered  in  judging  growth  by  weight  and  that  these 
variations  had  to  be  taken  into  account  in  the  prediction 
of  normal  weight.  During  the  latter  half  of  the  nine¬ 
teenth  century  several  index  numbers  deiived  from 
formulas  containing  various  bodily  measurements  had 
been  used  in  following  physical  development  or  express¬ 
ing  body  build  or  constitution.'®  Some  of  these  con¬ 
tained  weight  as  a  factor.  As  Bornhardt  pointed  out, 
transposition  in  his  equation  made  it  possible  to  solve 
for  weight.  Several  other  formulas  or  ratios,  most  of 
them  patterned  after  the  earlier  models,  were  proposed 
for  determination  of  theoretical  weight  with  which 
actual  weight  could  be  compared.®'  In  other  instances 
the  procedure  was  to  measure  body  build  by  dimensions 
other  than  weight  and  to  note  the  weight  associated 
with  them.®® 

Still  another  approach  ushered  in  the  use  of  nutri¬ 
tional  indexes.  Recognizing  the  errors  in  judgment  by 
weight  and  the  subjectivity  of  a  physician’s  inspection, 
Oppenheimer  in  1909  devised  a  method  that  would  be 
objective  but  have  a  clinical  basis.®®  He  argued  that 
physicians,  recognizing  that  certain  bodily  parts  reflected 
malnutrition  more  sensitively  and  accurately  than  does 


19.  The  early  as  well  as  the  later  indexes  are  cited  in  References 
on  the  Physical  Growth  and  Development  of  the  Normal  Child,  Publi¬ 
cation  179,  U.  S.  Department  of  Labor,  Children’s  Bureau,  1927. 
They  are  described  by  Max  Guttman  (1st  eine  objective  Beurteilung 
des  Ernahrungszustandes  des  Menschen  moglich?),  Arch.  f.  Kinder- 
heilk.  73:23-49,  1923;  Baton,  D.  N.,  and  Findlay,  Leonard:  Child 
Life  Investigations:  Poverty,  Nutrition  and  Growth;  Studies  of  Child 
Life  in  Cities  and  Rural  Districts  of  Scotland,  Medical  Research 
Council,  Special  Report  Series,  No.  101,  London,  His  Majesty’s  Sta¬ 
tionery  Office,  1926,  pp.  48-57;  and  McCloy,  C.  H.:  Appraising 
Physical  Status:  The  Selection  of  Measurements,  Iowa  City,  Uni¬ 
versity  of  Iowa,  1936. 

20.  Bornhardt,  A.:  Die  Korperwagungen  der  Einberufenen  als  Mittel 
zur  Bestimmung  der  Tauglichkeit  zum  Militardienst,  St.  Petersb  med 
Wchnschr.  3:  108-109,  196-197,  1886. 

21.  Gaertner,  Gustav:  Korpergewicht  und  Kdrperlange  des  Menschen 
Wien.  med.  Wchnschr.  63:317-322  (Jan.  27)  1912.  Oeder,  Gustav’ 
Das  Korpergewicht  des  erwachsenen  Menschen  bei  normalen  Ernahr- 
ungszustand  und  seine  Berechnung;^®  Ueber  die  Brauchbarkeit  der 

proportionellen”  Kdrperlange  als  Massstab  fur  die  Berechnung  des 
Korpergewichts  erwachsener  Menschen  bei  normalem  Ernahrungszu- 
stand,  Med.  ^m.  5:461-465  (March  28)  1909;  Die  Gartner’sche  Nor- 
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1092  (Oct.  18)  1915;  Ein  neuer  “Index  ponderis’’  fiir  den  “zentral- 
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weight,  based  their  judgment  siihconscioiisly  on  the 
relation  of  these  parts.  Each  physician,  he  asserted, 
tended  to  rate  the  nutritional  status  according  to  his 
estimate  of  musculature  and  adipose  tissue.  But  indi¬ 
vidual  judgment  of  these  parts  differed  appreciably 
because  of  the  difficulty  in  making  proper  allowance 
for  the  complicated  differences  in  body  build.  To 
overcome  this  difficulty,  Oppenheimer  selected  three 
bodily  dimensions  which  reflected  the  relation  of  body 
parts  decisive  in  the  physician’s  estimate  and  which  could 
he  objectively  measured.  From  these  three  dimensions 
he  propounded  two  formulas :  one  gave  the  measure 
of  nutrition,  which  increased  with  age  and  growth ; 
the  other  gave  the  quotient  of  nutrition,  which  was 
influenced  only  by  nutritive  condition.  Twenty-five 
years  later  the  same  rationale  and  almost  the  identical 
measurements  were  adopted  in  working  out  the  ACH 
index, except  that  a  different  relation  of  measure¬ 
ments  and  a  reference  table  were  used. 


Attempts  to  make  allowance  for  variations  in  body 
build  in  the  appraisal  of  nutritional  status  took  another 
direction.  With  the  realization  that  the  ratio  of  height- 
weight  failed  to  indicate  accurately  whether  the  amount 
of  muscle  and  fat  corresponded  to  the  skeleton,  other 
sets  of  dimensions  were  suggested.  From  anthropo¬ 
metric  studies  of  growth  Pirquet  found  that  weight 
referred  to  sitting  height  in  the  form  of  a  ratio  yielded 
a  numerical  inde.x,  “pelidisi,”  which  he  regarded  as  an 
objective  measure  of  nutritive  condition. 

.^t  the  same  time  the  widespread  prevalence  of  mal¬ 
nutrition  in  Austria  and  Germany  during  World  \\  ai  1 
created  an  emergency:  the  American  War  Relief  Com¬ 
mission  and  Quakers-^  desired  a  rapid  and  objective 
method  of  sele  ting  the  children  needing  supplementary 
food.  Ratios  containing  various  physical  measurements 
which  had  been  used  for  many  years  to  express  body 


Skeletal  Build  (Boys  and  Girls,  7  to  12  Years  of  Age).  New  York, 
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I)uil(l.  conslilution  or  physical  fitness  were  turned 
from  their  original  purpose  and  were  applied,  cither 
unchanged  or  changed,  as  measures  of  nutrition^®  Sev¬ 
eral  new  hut  similar  ratios  appeared,  some  containing 
weight  as  an  item.  In  all  of  them  a  change  in  a  mea¬ 
surement  and  therefore  in  the  resulting  quotient,  the 
index  number,  was  regarded  as  indicating  a  shift  m 
the  nutritive  status.  Since  these  equations  contained 
measurements  presumed  to  reflect  body  build,  they  were 
regarded  as  more  sensitive  and  accurate  than  weight- 
height  in  evaluating  nutritional  .status. 

But  evidence  showed  that  all  these  inde.xes,  formulas, 
equations  and  ratios  aimed  to  refine  or  replace  the 
height-weight  method  had  its  same  defects.'®  They 
were  vulnerable  to  the  same  criticisms.  Actually,  they 
revealed  more  about  body  build  than  about  nutrition. 
Xaturally  the  application  of  these  methods  to  adults 
was  based  on  other  considerations  than  growth,  but 
the  results  were  just  as  unsuccessful  as  those  on  infants 
and  children. 


LONGITUDINAL  PROCKUURE 


In  contrast  to  the  preceding  cross  sectional  methods 
of  examining  growth,  the  longitudinal  procedure  of 
following  the  growth  curve  was  also  suggested  as  a  mea¬ 
sure  of  nutrition.  Greenwood  proposed  that  the 
percentage  growth  per  year  in  height  and  weight,  respec¬ 
tively,  he  the  standard  of  com])arison.  Failure  to 
increase  in  weight  at  a  given  rate  would  bring  a  desig¬ 
nation  of  malnutrition.  According  to  one  criterion,  lack 
of  gain  or  loss  in  weight  for  each  month  of  three  suc¬ 
cessive  months  was  cited  as  a  means  of  screemm*' 
-  _ _  ^ 
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children  with  i)oor  growth.^®  It  has  been  asserted  that 
the  weight  curve  is  the  most  accurate  measure  of 
growth.®^  This  method  has  been  successfully  used  in 
animal  experiments  in  nutrition.  But  the  animals  were 
inbred  and  selected.  Besides,  they  were  subjected  to 
dietary  deficiencies  with  pronounced  interference  with 
growth.  For  both  human  beings  and  experimental  ani¬ 
mals,  the  so-called  normal  growth  curves  have  changed 
over  the  past  three  decades.  No  one  knows  whether 
greatest  growth  has  yet  been  obtained ;  whether  greatest 
is  optimum ;  in  short,  what  optimum  growth  is.  And 
no  one  knows  how  slight  a  deviation  in  growth  curve 
should  be  regarded  as  malnutrition.  Thus  the  very- 
same  objections  to  use  of  absolute  weight  may  be  leveled 
against  the  use  of  the  growth  curve. 

Recently  there  appeared  a  method  which  combines 
the  longitudinal  and  cross  sectional  procedures  permit¬ 
ting  application  of  either.®-  A  grid  prepared  from 
height,  weight  and  age  is  purported  to  give  ratings 
during  the  period  of  growth  on  physique,  development, 
nutrition  and  physical  status.  The  slope  or  gradient 
of  the  developmental  curve  is  said  to  give  a  measure 
of  nutritional  status.  If  measurements  are  limited  to 
a  single  observation,  a  tentative  estimate  of  nutrition 
can  be  made.  Since  height,  weight  and  age  are  the 
only  measurements  used,  it  is  similar  to  previous  growth 
methods  and  it  may  therefore  be  open  to  the  same 
difficulties  and  objections.  Its  class  limits,  admittedly 
arbitrary,  are  different,  but  it  remains  to  be  seen 
whether  they  are  free  of  the  defects  which  have 
restricted  the  use  of  all  growth  methods. 

There  is  no  desire  to  disparage  or  discredit  the  proi)er 
use  of  deviations  in  growth,  shown  by  height  or  weight, 
as  an  indication  of  malnutrition.  It  should  never  be 
forgotten  that  an  obvious  and  unequivocal  disturbance 
in  weight — or  other  measurements — indicate  serious 
malnutrition.  About  this  thei  e  has  never  been  an 
argument.  Used  within  this  limitation--and  this  a 
serious  limitation — a  weight  method  has  distinct  value. 
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It  is  when  it  is  used  beyond  its  restrictions  that  its 
fundamental  defects  emerge.  It  breaks  down  at  the 
very  point  at  which  it  is  most  needed,  the  boiderline 
zone.  It  does  not  satisfactorily  separate  tbe  slightly 
abnormal  from  the  normal,  d  hen  when  the  scale  is 
set  at  unequivocal  limits  the  method  is  not  a  sufficiently 
sensitive  screen  for  detecting  malnuti  ition.  In  addi¬ 
tion,  for  other  reasons  it  will  be  seen  that  it  is  too 
inadequate  and  insensitive  to  serve  as  the  primary 
screen  of  malnutrition. 

In  1935  Dr.  Roberts®^  wrote  “It  should  be  under¬ 
stood  at  the  outset  that  the  whole  question  of  the  use 
of  growth  criteria  for  assessing  nutrition  has  been 
undergoing  severe  criticism  in  the  last  few  years,  and 
most  of  the  commonly  used  methods  have  been  largely 
discredited.  We  are  indeed  at  the  moment  in  a  situa¬ 
tion  where  we  have  lest  confidence  in  the  old  methods 
and  as  yet  have  nothing  new  that  is  satisfactory  to 
take  their  place.”  When  this  was  written,  little  was  at 
hand.  But  developments  were  in  the  offing.  Through 
new  knowledge  nutrition  had  already  extended  into  a 
new  and  vast  domain.  Among  its  many  practical 
aspects,  it  opened  a  new  and  different  approach  to 
the  evaluation  of  nutritional  status.  In  the  last  few 
years,  progress  in  this  direction  has  brought  forth 
new  methodologies  and  has  accentuated  the  distinct  and 
fundamental  limitations  of  previous  procedures  based 
on  growth. 

DEFICIENCY  DISEASES 


Following  Eijkman’s  experimental  production  of 
beriberi  by  diet  in  1897,  Grijns  formulated  tbe  concep¬ 
tion  of  deficiency  diseases.®'*  He  showed  that  certain 
foods  contained  an  unknown  essential  substance  which 
cured  or  protected  against  beriberi.  When  foods  lack- 
iiig  the  essential  were  eaten,  beriberi  resulted.  It  was 
clear  that  deficiency  of  an  essential  substance  in  food 
produced  disease.  To  this  substance  Funk  gave  tbe 
name  “vitamine,” 


It  had  long  been  known  that  calories  were  necessary 
for  growth  and  maintenance ;  for  with  insufficient  caloric 
intake,  impaired  growth  or  actual  loss  of  weight,  i.  e. 


Ro^^rts,  Lydia  J.:  Nutrition  Work  with  Childrei 
edition,  Chicago,  University  of  Chicago  Press,  1935,  chapi 
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34.  The  developments  leading  to  the  modern  concept  of  dietarv 
tials  are  reviewed  in  the  book  by  E  V  McCollum^ 

\ork,  Macmillan  Company,  1939,  chapter  2,  pp.  15.3]  ’ 
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underniitrition,  ensued.  During  the  decade  1912-1922 
it  was  found  that  a  series  of  chemically  unidentified 
substances,  present  in  very  small  amounts  in  natural 
foods,  were  likewise  essential  for  growth  and  main¬ 
tenance.  When  the  diet  was  deficient  in  any  one  of 
them,  retarded  growth  or  actual  decrease  in  weight 
took  place. 

In  the  same  period  it  was  further  shown  that  the 
“vitamine”  protecting  against  beriberi  was  identical 
with  one  of  the  unidentified  substances  indispensable 
for  growth.  Then  from  animal  experiments  it  was 
found  that  lack  of  each  of  the  growth  substances  resulted 
in  a  separate,  specific  disease  which  had  its  analogue 
in  man.  Thus  scurvy,  xerophthalmia  and  rickets  were 
found  to  be  deficiency  diseases,  each  arising  from  lack 
of  a  dift'erent  substance.  In  this  dual  role  each  sub¬ 
stance  was  essential  not  only  for  prevention  of  these 
diseases  but  also  for  promotion  of  growth.  As  addi¬ 
tional  essential  substances  were  demonstrated,  it  was 
noted  that  a  deficiency  in  each  not  only  impaired  growth 
but  also  produced  a  specific  disease.  More  recently, 
pellagra  and  ariboflavinosis  have  been  identified  as  defi¬ 
ciency  diseases.  Thus  it  has  been  demonstrated  that 
lack  of  each  essential  substance  produces  a  specific 
deficiency  disease. 

According  to  accepted  nomenclature,  each  substance 
came  to  be  designated  by  the  generic  name  vitamin  and 
an  alphabetic  letter.  Thus  xerophthalmia,  beriberi, 
keratitis,  pellagra,  scurvy  and  rickets,  the  major  defi¬ 
ciency  diseases  which  historically  have  occuired  in 
epidemics  and  endemics,  resulted  from  lack  of  vitamins 
A,  Bi,  Bo.  P-P,  C  and  D  respectively.  With  the 
chemical  isolation  and  identification  of  the  vitamins, 
it  has  been  convenient  to  give  each  a  niore  descriptive 
name  as  follows:  B,,  thiamine;  IT,  i iboflayin ,  P-  , 
niacin  (nicotinic  acid)  ;  C.  ascorbic  acid.  \  itamins  . 
and  D  have  yet  to  be  given  such  a  designation. 

Meanwhile  the  concept  of  deficiency  diseases  had 
been  extended  to  embrace  those  disorders  arising  from 
deficiency  of  essentials  other  than  vitamins,  e.  g.  pro¬ 
tein,  calcium  and  iron.  Thus,  lack  of  an  essentia . 
whether  a  vitamin,  protein  or  mineral,  produces  its  own 
i)articular  and  specific  deficiency  disease.  •  •  , 

From  these  facts  may  be  formulated  the  principles 
epitomizing  the  newer  knowledge  of  diet  and  nutrition . 
( 1 )  a  number  of  essential  substances  are  containec  in 
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food-  (2)  a  deliciency  of  each  essential  substance  in 
the  diet  interferes  with  growth  and  maintenance  and 
induces  a  disease;  (3)  the  relationship  between  the 
nature  of  the  dietary  deficiency  and  of  the  resulting 
disease  is  characterized  by  specificity.  These  princi¬ 
ples  have  had  a  profound  influence  on  nutiitional  sci¬ 
ence,  especially  the  concept  of  nutritional  status  and 
means  of  appraising  it. 

This  knowledge  of  dietary  essentials  gave  a  new 
approach  to  the  detection  of  malnutrition.  It  sug¬ 
gested  surveys  in  which  die^ts  were  analyzed  for  defi¬ 
ciencies  in  the  essential  items. This  procedure  is 
based  on  the  assumption  that  evidence  of  dietary  defi¬ 
ciency  indicates  impaired  nutritional  status,  usually  in 
the  form  of  deficiency  diseases.  Despite  its  many 
possible  sources  of  unavoidable  inaccuracies,  the  dietary 
method  yields  highly  informative  results.  But  it  has 
several  drawbacks.  It  is  costly,  laliorioiis  and  time 
consuming.  By  the  time  the  data  are  collected  and 
analyzed,  the  information  is  obtained  many  months 
after  it  is  needed.  Then  too,  it  reveals  only  the  most 
recent  dietary  habits.  Thirdly,  its  evidence  on  malnu¬ 
trition  is  indirect.  Fourthly,  it  indicates  only  the 
malnutrition  due  to  dietary  deficiency.  Nevertheless 
the  information  derived  from  it  has  been  belpful,  since 
deficient  diet  is  the  most  frequent  cause  of  malnutrition. 
To  furnish  information  on  cause  is  really  its  principal 
use.  This  method  has  shown  that  there  is  nationwide 
consumption  of  deficient  diets  and  suggests  that  there 
is  widespread  prevalence  of  malnutrition. 

Along  with  the  recognition  that  dietary  deficiencies 
produce  specific  diseases  came  a  period  of  closer  study 
of  these  diseases  leading  gradually  over  the  years  to 
improvement  in  their  detection.  At  first  before  their 
etiology  was  known  these  diseases,  since  they  mostly 
occurred  in  combination  in  the  same  person,  were  not 
clearly  differentiated  and  were  therefore  frequenth- 
confused.  In  time  the  major  deficiency  diseases  were 
separated  by  their  main  characteristics  and  several 
accompanying  signs.  Even  today  this  work  of  resolv- 
ing  deficiency  diseases  into  pure  form  continues 


35.  Bigwood,  E.  J..  Guiding  Principles  for  Studies  on  the  Nutrition 
of  Populations,  Geneva  League  of  Nations,  Health  Organization  Terl 
meal  Commission  on  Nutrition,  1939,  part  I  pp  20  137  "  ^  ^ 
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Through  inducing  the  experimental  form  and  through 
curing  the  natural  form  by  pure  specific  therapy,  it 
has  been  possible  to  elucidate  much  about  the  specific 
and  characteristic  signs,  the  sequence  of  events  and  the 
site  of  early  lesions  in  each  major  deficiency  disease. 
In  all  this,  animal  experimentation  has  given  many 
valuable  clues.  As  a  result,  our  knowledge  of  each 
deficiency  disease  in  its  acute  manifest  form  has  been 
greatly  extended  and  refined.  Not  a  few  treatises  have 
been  written  on  these  diseases.  The  older  books  con¬ 
tain  very  complete  descriptions,  although  many  points 
must  be  interpreted  in  the  light  of  latter  day  advances.®^ 
Recent  books  and  articles  present  newer  developments.^® 
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But  with  all  this  knowledge  the  occurrence  of  defi¬ 
ciency  diseases  in  this  country  has  not  been  generally 
noted  except  in  city  hospitals  or  endemic  regions. 
Although  nationwide  dietary  inadequacies  have  been 
revealed  by  surveys,  frank  deficiency  diseases  on  such 
a  scale  have  not  been  seen.  According  to  their  concept, 
clinicians  rightly  assert  that  they  do  not  see  deficiency 
diseases.  But  they  are  incorrect  in  concluding  that 
there  is  no  widespread  prevalence  of  them.  What  are 
the  reasons  for  this  apparently  irreconcilable  conflict 
between  the  evidence  from  dietary  surveys  and  from 
clinical  observations?  It  is  probable  that  many  classic 
cases  pass  unrecognized.  But  even  if  these  were 
detected  and  included,  the  statistics  on  the  prevalence 
of  deficiency  disease  would  not  come  near  approaching 
the  figures  on  faulty  diets  recorded  in  surveys.  There 
is  a  more  significant  reason  for  the  seeming  discrepancy. 
In  assertions  by  clinicians  that  deficiency  diseases  are 
not  generally  prevalent,  the  traditional  severe  acute  form 
has  been  meant.  In  this  country  this  classic  form  is 
relatively  infrequent ;  instead,  the  deficiency  diseases 
are  present  in  other  forms. 

The  predominant  clinical  point  of  view  has  carried 
the  concept  that  a  deficiency  disease  begins  or  has  its 
significance  when  it  becomes  perceptible,  usually  on 
simple  inspection.  Often  all  or  most  signs  must  be 
present.  Clearly  that  point  is  not  the  beginning  of  the 
disease.  Rather,  the  disorder  is  already  well  advanced 
before  it  is  diagnosed.  Such  a  practice  does  not  detect 
the  disease  in  its  early  or  mild  form.  Over  the  years, 
numerous  physicians  have  recognized  this  point. 

Several  early  investigators  attempted  to  divide  the 
course  of  scurvy  and  pellagra  into  stages;  they  noted 
the  earliest  stage  and  its  characteristics.  Some,  like 
Roussel,^  interested  in  early  diagnosis,  set  down  their 
observations  on  the  earliest  sign,  stressing  the  impor¬ 
tance  of  discovering  the  site  of  initial  change.  More¬ 
over,  they  distinguished  a  period  before  the  disease 
proper  appeared,  before  its  well  known  signs  were 
fully  developed.  As  early  as  1541  Echthius  enu- 
merated  symptoms  by  which  “an  approaching  scurvy 

S.  Crowder,  1772,  part  3,  chapter  2,  pp.  302-305. 
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might  be  foretold”;  in  1567  Wierus  described  similar 
observations.  Many  subsequent  observers  recognized 
a  prodromal,  incipient  or  latent  period  in  both  pellagra  *- 
and  scurvy.^®  Added  still  later  were  the  names  forme 
fruste,  prepellagra  or  prescurvy,  subclinical  state.  About 
1917  other  investigators  conceived  that  a  deficiency  dis¬ 
ease  like  scurvy  might  exist  below  the  level  of  clinical 
detection  by  any  sign,  but  to  this  state  they  applied 
names  already  carrying  other  connotations.  Thus  sev¬ 
eral  names  were  applied  to  the  same  state;  conversely, 
several  states  were  designated  by  the  same  name  or 
names.  In  scurvy  Hess  drew  distinctions  which 
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defined  these  several  concepts.  Me  recognized  three 
types  of  scurvy :  the  florid,  w^th  well  developed  signs 
of  the  full  blown  condition ;  the  subacute,  the  commoner 
form,  presenting  a  group  of  incompletely  developed 
symptoms ;  the  latent,  resulting  from  a  negative  balance 
in  vitamin  C  during  the  period  prior  to  the  onset  of 
clinical  manifestations.  In  view  of  the  importance  pre¬ 
viously  attached  to  weight  as  an  index  of  nutritional 
status,  it  is  significant  that  Hess  emphasized  the  normal 
weight  of  children  afifected  with  subacute  scurvy. 

At  the  same  time  it  was  recognized  that  scurvy  might 
he  observed  in  still  another  state,  the  so-called  mono- 
symptomatic  state. Cheadle  in  1878  had  forecast 
this  eventuality.  This  occurrence  has  been  confirmed 
not  only  for  scurvy  but  also  for  pellagra.  During  the 
last  decade  numerous  epidemics  or  instances  of  gingi¬ 
vitis  and  glossitis  demonstrated  to  be  attributable 
to  deficiency  in  ascorbic  acid  and  niacin  respectively 
have  been  observed.  Some  investigators  have  distin¬ 
guished  degrees  of  one  sign  in  avitaminosis  C.^'’ 
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Despite  the  differences  in  concepts  about  the  several 
states  and  the  lax  use  of  terms  applied  to  them,  all 
investigators  have  agreed  that  most  deficiency  diseases 
occur  in  these  states. 

EARLY  DIAGNOSIS 

In  recent  years  there  has  been  a  distinct  trend  toward 
early  diagnosis  of  all  diseases.  It  has  been  recognized 
that  a  disease  starting  with  internal  manifestations 
cannot  be  seen  and  may  yield  no  signs  until  it  is  far 
advanced,  even  more  so  if  the  lesion  is  in  a  silent  area, 
that  a  disease  with  early  external  signs  may  pass 
unnoticed  into  an  internal  phase  or  that  disease  with 
a  persistent  or  progressive  external  lesion  may  develop 
to  a  considerable  point  below  the  level  of  perception. 
In  short,  most  disease  has  reached  the  advanced  state 
before  it  is  detected  by  the  unaided  senses;  its  early 
or  mild  stage  develops  unobserved. 

The  trend  to  diagnosis  of  early  or  mild  disease  showed 
the  limitations  of  the  unaided  senses.  It  became  neces¬ 
sary  to  turn  to  instruments  or  procedures  that  would 
reveal  changes  within  the  body  or  extend  vision  beyond 
the  limits  of  the  unaided  eye.  The  x-rays,  the  Wasser- 
mann  reaction,  chemical  methods  for  blood,  urine  and 
tissue  and  the  microscope  for  examination  of  blood, 
urine  and  tissue  have  added  greatly  to  the  physician  s 
skill  in  earlier  detection  and  diagnosis.  Similarly,  long 
ago  the  pathologist,  recognizing  that  much  was  occur¬ 
ring  below  the  threshold  of  his  vision,  turned  to  the 
microscope  to  open  the  realm  of  cellular  pathology. 

So  it  has  been  with  the  detection  of  deficiency  dis¬ 
eases.  The  early  and  mild  states  are  below  the  manifest 
level.  The  pathogenesis  of  deficiency  diseases  makes 
the  existence  of  these  states  thoroughly  understandable. 
Among  the  manifestations  of  a  deficiency  disease  on  a 
dietary  basis  are  lowered  concentrations  of  the  essen¬ 
tial  factor  in  the  blood,  depleted  storage  in  the  body  s 
reservoirs,  diminished  excretion,  microscopic  change  in 
the  tissue  in  the  initial  site,  gross  morphologic  and  func¬ 
tional  change.  These  manifestations,  it  should  be  stated, 
are  not  necessarily  or  ordinarily  concuirent.  To^  etect 
these  states  below  the  manifest  level,  investigators 
have  had  recourse  to  new  procedures  and  instruments. 
For  most  deficiency  diseases  these  states 
demonstrated  by  appropriate  methodology.  Hess  s 
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visualization  of  a  state  characterized  by  a  negative 
balance  in  the  vitamin  has  been  confirmed  by  bio¬ 
chemical  methods  in  analyses  of  blood  and  urine. 
Indeed,  low  blood  values  for  ascorbic  acid  have  beeii 
found  in  a  definite  proportion  of  population  samples."" 
I'me,  some  investigators  have  argued  that  such  values 
for  ascorbic  acid  in  the  absence  of  other  signs  do  not 
constitute  scurvy.  Judged  by  clinical  criteria,  the  con¬ 
dition  is  not  scurvy.  Not  until  it  has  advanced  to 
macroscopic  tissue  changes  and  developed  signs  is  it 
designated  scurvy.  But  that  view  draws  a  purely 
arbitrary  distinction.  Its  justification  is  that  it  differ¬ 
entiates  two  states  of  severity  in  the  process.  One  is 
the  lesser  developed  state,  the  other  the  fully  developed 
disease.  But  whatever  the  former  is  called,  it  is  a  step 
in  the  process.  As  a  practical  matter  it  may  call  for 
treatment. 

Several  procedures  have  been  employed  to  elicit  or 
detect  the  so-called  monosymptomatic  state  before  the 
sign  has  become  manifest.  It  is  obvious  that  the  value 
of  this  approach  for  recognition  of  the  incipient  defi¬ 
ciency  disease  depends  on  testing  or  e.xamining  for  the 
earliest  sign.  Instruments  and  methods  have  been 
devised  for  the  detection  of  night  blindness  and  capil¬ 
lary  fragility,"-  as  evidence  of  avitaminoses  A  and  C 
respectively.  These  conditions  occur,  but  they  are  not 
monosymptomatic;  for  it  has  been  shown  that  they 
are  not  the  earliest  signs  of  these  avitaminoses."" 


so.  Kruse,  H.  D.;  Chemical  Methods  for  Determining  the  Plasma 
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More  illuininating  on  the  existence  of  the  early  state 
in  a  deficiency  disease  has  l)een  the  observation  of 
inorpliologic  changes  imi)erceptible  to  the  unaided  eye. 
Beginning  changes  in  bones  in  infantile  scurvy  revealed 
by  x-ray  examination  have  been  described.®'*  Biomi¬ 
croscopy,  however,  has  disclosed  still  more  about  the 
early  state  of  several  deficiency  diseases.  Just  as  the 
microscope  was  highly  useful  to  the  pathologist  in 
extending  his  range  of  vision  to  lesser  changes  in  post¬ 
mortem  tissue,  it  has  now  proved  highly  informative 
to  apply  it  in  deficiency  diseases  to  changes  in  living 
tissues.  It  is  particularly  revealing  when  the  tissue 
site  among  the  first  showing  changes  is  selected  for 
observation.  Using  this  procedure,  I  have  found  early 
specific  biomicroscopic  changes  in  four  deficiency  dis¬ 
eases:  in  the  conjunctiva  in  avitaminosis  A,®®  in  the 
cornea  in  ariboflavinosis,®®  in  the  tongue  in  aniacinosis  ®^ 
and  in  the  gum  in  avitaminosis  C.®® 

Thus,  alteration  in  transport  and  storage  and  micro¬ 
scopic  changes  in  tissue  show  that  deficiency  diseases 
do  exist  in  an  early  state  which  is  undetectable  by 
ordinary  clinical  methods. 

In  this  morphologic  study  of  these  deficiency  diseases, 
with  biomicroscopic  in  conjunction  with  macroscopic 
examination,  it  was  possible  to  see  all  gradations  and 
to  reconstruct  the  sequence  of  changes.  These  obser¬ 
vations,  combined  with  the  results  from  administration 
of  specific  therapy,  revealed  new  states.  Besides  the 
severe  and  early  acute  forms,  I  noted  chronic  states  of 
varying  intensity  from  mild  to  severe.  These  chronic 
states  took  on  immediate  significance  because  of  their 
liredominance  in  the  population. _ 


^4  Park  E.  A.:  Guild,  Harriet  G.;  Jackson,  Deborah,  and  Bond, 
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While  each  of  the  four  deficiency  diseases  avitamino¬ 
sis  A,  aril)oflavinosis,  aniacinosis  and  avitaminosis  C 
has  its  individuality  as  a  separate  and  specific  entity, 
all  in  the  evolution  and  recession  of  their  paiticular 
lesions  showed  a  similarity  in  their  biologic  behavior. 
They  reflected  a  definite  biologic  pattern.  From  this 
was  elaborated  a  concept  of  deficiency  states,  their 
nature,  their  evolution,  how  they  may  be  recognized 
and  their  response  to  specific  therapy.®*’ 

According  to  this  concept,  the  specific  pathologic 
process  in  a  tissue  in  a  deficiency  disease  is  charac¬ 
terized  by  velocity,  intensity  and  duration.  Of  the 
velocities  occurring,  the  range  may  be  classified  arbi¬ 
trarily  and  most  simply  into  two  principal  categories 
which  are  subdivided.  The  acute  process  is  rapid  in 
appearing,  in  running  its  course  and  in  receding  under 
treatment.  Somewhat  less  rapid  is  the  subacute  or 
mild  acute  process.  Differing  from  these  in  velocity, 
the  chronic  process  is  slow  in  onset,  progress  and 
response  to  treatment.  Even  slower  is  the  mild  chronic 
process. 

Since  the  pathologic  process  may  be  of  any  intensity, 
it  is  convenient  to  graduate  arbitrarily  the  range  in  two 
degrees,  mild  and  severe.  Therefore  the  acute  and  the 
chronic  process  may  be  either  mild  or  severe.  With 
grouping  by  form  and  intensity,  the  simplest  classifica¬ 
tion  of  processes  provides  the  categories  mild  acute, 
mild  chronic,  severe  acute  and  severe  chronic.  These 
are  the  same  groups  that  were  enumerated  in  designat¬ 
ing  a  process  according  to  its  velocity. 

If  uninterrupted,  the  process  manifests  its  changes 
in  a  definite  sec[uence  which  may  be  divided  into  stages. 
Therefore  in  each  of  the  categories  it  may  be  divided 
into  stages.  Naturally  the  duration  of  the  process  will 
be  a  factor  determining  its  stage. 


STATES  OF  AVITAMINOSIS 

From  the  concept  of  deficiency  states  it  may  be  seen 
that  an  avitaminosis  includes  all  forms,  degrees  and 

Fund  Quart  20  :^245.^61^arS)  Memorial 

60.  To  many  persons  the  term  “deficiency  di^eacp” 
arising  solely  from  a  deficiency  in  the  diet^  True  dietary  a 
the  most  common  cause;  but  there  are  many  nthpr  '^adequacy  is 

ing  factors.  They  are  discusserin  a  s^aLte  frtiMp  ‘condition- 

Dr.  Norman  Jolliffe.  As  the  result  nf  nnJ  ^  senes  hv 

tissues  are  deficient  in  or  cannot  use  the  essentfal  ‘^^1^^  conditions, 
the  term  deficiency  carry  this  broader  meaning.  '  that 
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stages.  Under  this  classification  the  classic  deficiency 
disease,  as  originally  described,  represents  the  severe 
acute  state.  Such  a  term  as  latent  or  subclinical  state, 
which  has  been  objectionable  to  some  investigators,  is 
no  longer  necessary.  It  is  seen  to  be  a  broad  state 
comprising  the  mild  acute  and  mild  chronic  conditions. 
It  is  preferable  to  use  the  more  specific  designation 
corresponding  to  the  actual  condition.  The  severe 
chronic  state  has  had  no  previous  designation. 

The  concept  also  explained  the  various  courses  in  the 
pathogenesis  of  these  states.  Whereas  the  description 
thus  far  has  indicated  that  any  one  of  the  several  states 
exists  alone,  actually  conditions  are  often  more  com¬ 
plex.  Through  the  usual  vicissitudes,  particularly  over 
years,  the  process  usually  changes  in  velocity,  intensity 
and  even  direction.  To  mention  one  or  two  more 
common  of  the  various  eventualities,  an  acute  subsides 
into  a  chronic  process,  or  a  mild  or  severe  chronic  state, 
once  established,  constitutes  a  base  on  which  is  super¬ 
imposed  a  mild  or  severe  acute  process.  Undoubtedly 
in  the  outbreaks  of  classic  deficiency  diseases  the  severe 
acute  form  is  very  frequently  engrafted  on  a  preexisting 
mild  or  severe  chronic  base.  But  these  do  not  represent 
all  the  possible  changes  in  rate,  stage  and  intensity 
which  a  process  may  undergo.  It  may  have  a  very 
variable  and  tortuous  course.  As  a  result,  a  mild  or 
severe  acute  process  in  any  stage  may  be  seen  with  a 
mild  or  severe  chronic  form  in  any  stage.  These 
combined  states  add  to  the  number  of  categories  which 
must  be  borne  in  mind.  Thus  a  deficiency  disease  may 
exist  in  any  one  of  the  following  states  i  mild  acute, 
severe  acute,  mild  chronic,  severe  chronic,  as  well  as 
mild  or  severe  acute  superimposed  on  mild  or  severe 
chronic,  each  in  a  particular  stage.  It  cannot  be  over¬ 
emphasized  that  the  combined  states  are  very  prevalent, 
perhaps  the  most  prevalent. 

Scattered  observations  in  the  literature  on  deficiency 
diseases  are  in  accord  with  one  or  another  point  m  the 
concept.  In  addition  to  the  reports  already  cited  on 
the  mild  acute  state,  others  have  taken  cognizance  of 
the  chronic  state.  In  describing  various  forms  of  rick¬ 
ets,  Eliot  and  Park  mentioned  early  mild,  florid  and 


61.  Eliot,  Martha  M.,  and  Park, 
Practice  of  Pediatrics,  Hagerstown, 
vol.  1,  chapter  36,  pp.  62-65,  87,  9-, 
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uiild  chronic,  dheir  description  of  the  couise  of  these 
respective  states  may  be  interpreted  in  terms  of  intensity 
and  time. 

Furthermore,  the  literature  records  the  characteristic 
difference  between  the  acute  and  chronic  forms  in 
response  to  treatment.  Eliot  and  Park  remark  that 
in  one  form  of  rickets  the  complete  cure  is  slow.  It 
has  also  been  noted  that  in  treatment  of  polyneuritis 
in  animals,  the  acute  fulminating  type  disappeared  very 
speedily  in  a  few  days,  the  chronic  type  very  slowly, 
in  fact,  only  after  many  months.®® 

A  few  investigators  have  mentioned  a  chronic,  state 
of  pellagra  in  contradistinction  to  the  more  dramatic 
acute  form.®^  Some  changes  in  the  tongue  in  pellagra 
have  been  described  erroneously  as  part  of  the  acute 
process,  whereas  they  were  really  chronic  in  nature.®® 
In  scurvy  produced  in  animals,  Tozer  ®®  differentiated 
the  chronic  from  the  acute  form  on  a  time  basis.  She 
stated  that  the  chronic  form  varies  in  severity  according 
to  the  degree  of  deprivation  of  vitamin  C.  Using  a 
different  terminology  to  express  intensity,  she  described 
mild  and  severe  degrees  for  both  the  acute  and  chronic 
forms.  Recognizing  these  various  states,  Hojer  ®‘ 
employed  still  another  nomenclature.  Ferrario  ®®  and 
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Boyle  also  produced  acute  and  chronic  scurvy  in 
guinea  pigs.  Similar  observations  have  been  reported 
on  experimental  athiaminosis.'^® 

^  1  he  severe  acute  state  is  the  form  on  which  almost 
all  clinical  attention  to  deficiency  diseases  has  hitherto 
been  focused.  Historically  this  form,  presenting  a  grave 
|)rohlem,  was  the  first  to  be  recognized;  consequently 
the  recorded  knowledge  on  its  symptoms,  signs  and 
pathology  predominate  in  the  literature.  Similarly  in 
experimental  work,  where  the  objective  was  to  demon¬ 
strate  the  existence  of  new  vitamins  or  to  assay  foods, 
animals  were  suddenly  shifted  from  an  optimum  natural 
to  a  •deficient  “purified”  diet  in  which  every  trace  of 
an  essential  had  been  as  far  as  possible  removed.  Nat¬ 
urally  the  severe  acute  form  of  deficiency  ensued.  A 
few  investigators  have  given  attention  to  the  mild 
acute  state. 

In  the  past  the  chronic  state  of  deficiency  diseases 
has  received  only  sporadic  and  scant  notice.  Para¬ 
doxically,  however,  chronic  manifestations  have  been 
frequently  seen  but  their  relation  to  nutrition  was  not 
recognized.  The  mild  chronic  state  has  been  unde¬ 
tected  or  neglected.  Generally  the  mild  acute,  mild 
and  severe  chronic  states,  the  most  common  states 
among  the  population,  have  not  been  recognized  and 
dififerentiated.  The  very  prevalent  combination  acute 
with  chronic  has  not  been  fully  appreciated  as  such, 
and  the  constituent  forms  have  not  been  distinguished 
and  separated. 

Since  the  chronic  state  of  deficiency  diseases  has  not 
been  commonly  recognized,  it  is  worth  while  to  mention 
some  of  its  characteristics.  Its  essence  is  time.  For 
persons  this  is  age.  The  longer  persons  live,  the  more 
chance  they  have  to  incur  changes  and  to  have  them 
develop  to  an  advanced  state.  Consequently  chronic 
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changes  are  seen  with  greater  frequency  and  in  the 
latest  stages  with  increasing  age.  ^  I  have  noted  this 
in  avitaminosis  A,  ariboflavinosis,  aniacinosis  and 
avitaminosis  C. 

In  the  past  these  chronic  alterations  have  been  called 
senile  changes  with  the  implication  that  senility  causes 
them.  But  senility  per  se  is  not  responsible  for  them. 
That  has  never  been  a  satisfactory  explanation.  Not 
all  elderly  persons  show  the  changes.  On  the  other 
hand,  they  occur  in  children. Time,  not  senility, 
is  the  essential  point.  And  time  does  not  start  the 
changes,  it  simply  is  a  dimension  over  which  they 
progress.  They  are  specific  avitaminoses  in  a  state 
of  chronicity,  due  usually  to  dietary  deficiencies  run¬ 
ning  over  a  period  of  years.  Their  prevalence  and 
severity  vary  with  the  number  and  degree  of  deficient 
diets  and  therefore  with  the  economic  level.  Most 
important  of  all  they  are  reversible,  yielding  slowly 
but  completely  to  appropriate  therapy. 

This  rate  of  response  is  another  characteristic  pecu¬ 
liar  to  the  chronic  process.  Whereas  acute  changes 
respond  with  considerable  promptness,  chronic  changes 
recede  very  slowly.  In  acute  changes  we  are  accus¬ 
tomed  to  expect  improvement  with  dramatic  rapidity. 
Actually,  some  of  rapidity  is  more  apparent  than  real. 
For  one  thing  it  is  a  relative  matter;  the  more  pro¬ 
nounced  the  acute,  the  more  spectacular  is  a  given 
degree  of  improvement.  Often  removal  of  late  signs 
constitutes  supposed  rapid  cure  of  an  acute  deficiency. 
Obviously  this  is  far  from  complete  cure.  But  it  is 
mainly  because  the  relief  of  symptoms,  the  first  event, 
is  so  prompt  as  to  be  striking.  If  judged  solely  by 
freedom  from  symptoms,  the  therapeutic  response  of 
an  acute  process  is  rapid.  But  when  judged  by  com¬ 
plete  restoration  of  all  tissue  changes,  as  seen  by  the 
biomicroscope,  response  in  the  acute  condition  is  not 
quite  so  spectacularly  quick  as  it  is  reputed.  Never¬ 
theless,  response  is  infinitely  more  rapid  in  the  acute 
than  in  the  chronic  state. 

METHODS  OF  APPRAISAL 

With  this  concept  of  the  various  states  in  mind  it 
is  appropriate  to  consider  the  various  new  methods  that 
have  been  proposed  for  use  in  appraising  nutritional 
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status.  They  comprise  biochemical,  microbiologic,  bio¬ 
physical  (most  of  which  are  functional),  special  clinical 
and  morphologic,  including  biomicroscopic.  At  once 
it  should  be  stated  that  they  pertain  to  different  aspects 
of  deficiency  diseases  and  yield  dissimilar  kinds  of 
information. 

Most  of  the  biochemical  methods  are  designed  to 
determine  the  concentration  of  the  vitamins  in  the 
blood  and  urine.  One  kind  of  method  is  based  on 
the  reaction  of  a  vitamin  to  yield  a  colored  or  fluores¬ 
cent  substance  which,  under  suitable  conditions  of  inten¬ 
sity  and  stability,  may  be  estimated.  Another  kind 
depends  on  the  reaction  of  a  vitamin  with  a  dye  which 
is  carried  partially  or  entirely  to  completion  so  that 
the  residual  color  or  end  point,  respectively,  may  be 
determined.  For  each  reaction  there  are  usually  several 
methods,  differing  only  in  the  size  and  preparation  of 
the  sample  and  means  of  e.stimating  the  concentration 
of  the  vitamin.  These  reactions  are  rendered  quanti¬ 
tative  by  colorimetry,  fluorimetry  and  titrimetry,  and 
objective  by  spectrophotometry  or  photoelectrometry. 

Microbiologic  methods  dejjend  on  the  failure  of  a 
particular  micro-organism  to  grow  in  the  absence  of 
a  specific  vitamin.  The  concentration  of  the  essential 
is  assayed  by  the  degree  to  which  it  stimulates  growth. 
Or  it  is  measured  by  its  accelerating  action  on  a  biologic 
process  such  as  fermentation. 

For  information  bearing  on  the  state  of  nutrition 
with  respect  to  an  essential,  the  biochemical  and  micro¬ 
biologic  methods  may  be  applied  in  four  ways.  The 
concentration  of  the  vitamin  m  blood  is  determined  on 
specimens  collected  before  breakfast,  hor  a  vitamin 
that  is  excreted  in  the  urine,  the  amount  there  may 
he  ascertained  from  one  or  more  specimens  collected 
after  an  interval  of  several  hours  from  the  last  meal 
or  from  a  twenty-four  hour  sample.  In  general,  low 
values  for  the  vitamin  in  either  instance  point  to  a 
recent  diet  deficient  in  the  essential.  Other  procedures 
comprise  measuring  the  response  to  a  test  dose  of  t  le 
vitamin,  by  determining  either  its  absorption  from 
the  blood  or  its  excretion  m  the  urine.  Heie  for  both 
blood  and  urine  the  metliods  differ  in  the  amount  of 
vitamin  administered,  the  number  of  samp  to  e 
taken  and  the  time  of  drawing  them.  Usually  the 
blood  technic  includes  initial  or  pretest,  peak  and  suh- 
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sequent  basal  determinations.  Most  of  the  excretory 
methods  restricted  to  the  collection  of  one  or  a  few 
specimens  are  designed  to  cover  the  period  of  maximum 
response ;  some  call  for  a  twenty-four  hour  sample. 
These  urinary  response  procedures  are  the  saturation, 
tolerance  or  load  tests.  Low  values  hy  the  procedures 
involving  response  to  a  test  dose  indicate  not  only 
that  the  previous  dietary  intake  has  been  deficient  but 
also  that  the  reservoirs  are  depleted.  These  several 
procedures  yield  information  of  dififerent  character 
because  they  bear  on  such  dififerent  aspects  as  transport, 
storage,  utilization  and  excretion  of  the  vitamin. 

Two  of  the  vitamins  also  occur  in  the  blood  as  con¬ 
stituents  of  coenzymes.  Hence  concentration  of  that  is 
also  determined  by  the  foregoing  types  of  methods.  Also 
chemical  methods  are  used  to  determine  the  accumu¬ 
lation  of  metabolites  in  the  blood  or  to  detect  the  pres¬ 
ence  of  an  abnormal  pigment  in  the  urine  as  the  result 
of  a  vitamin  deficiency. 

Among  the  biochemical  methods  on  blood,  the  forma¬ 
tion  of  a  blue  color  when  vitamin  A  is  treated  with  a 
chloroform  solution  of  antimony  trichloride  provides 
the  means  for  determining  vitamin  A  concentration.’'^ 
Oxidation  of  thiamine  to  thiochrome  and  measurement 
of  the  intensity  of  the  latter’s  fluorescence  forms 
the  basis  of  estimating  the  thiamine  level.’’'’  Another 
method  for  detecting  avitaminosis  depends  on  the 
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increase  in  values  for  bisulfite  binding  substances  or 
pyruvic  acid  signifying  failure  in  decarboxylation 
from  deficiency  in  thiamine.  Pyruvate  curves  may  be 
obtained  following  ingestion  of  glucose  which  accen¬ 
tuates  the  metabolic  difficulty  over  a  test  period. 

The  level  of  cocarboxylase  (thiamine  diphosphate 
ester  or  thiamine  pyrophosphate,  which  functions  as  a 
coenzyme  or  carboxylase  in  conversion  of  pyruvic  acid 
into  carbon  dioxide  and  acetaldehyde)  may  be  deter¬ 
mined  in  three  ways :  dififerential  solubility  of  thio- 
chrome  and  thiochrome  pyrophosphate,^®  enzymatic 
conversion  of  cocarboxylase  into  thiamine  or  mano- 
metric  determination  of  the  carbon  dioxide  released  dur¬ 


ing  an  enzymatic  process  in  which  pyruvate  is  the 
substrate.®"  Goodhart  and  Sinclair  ®^  have  pointed  out 
that  estimation  of  thiamine  or  cocarboxylase  in  whole 
blood  is  not  a  reliable  means  of  detecting  possible  defi¬ 
ciency  of  thiamine.  They  regard  lowered  concentration 
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of  thiamine  in  the  plasma  as  furnishing  more  trust¬ 
worthy  evidence.  ...  .  •  •  •  i 

For  determination  of  nicotinic  acid  or  nicotinamide 
in  the  blood,  the  reaction  of  these  substances  with  an 
aromatic  amine  and  cyanogen  bromide  provides  sev¬ 
eral  methods.®^ 

A  number  of  chemical  methods  have  been  devised  for 
assaying  ascorbic  acid  in  the  plasma,®^  most  of  them 
based  on  the  reduction  of  2:6  dichlorophenol- 
indophenol,®®  a  few  of  methylene  blue.®®  The  applica- 
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tion  of  these  methods  in  various  procedures  has  already 
been  reviewed.®^  During  deproteinization  of  whole 
blood,  ascorbic  acid  is  readily  oxidized  to  dehydro- 
ascorbic  acid  which  does  not  react  with  2,6  dichloro- 
phenol-indophenol ;  and  the  measures  thus  far  proposed 
to  prevent  or  reverse  the  oxidation  have  made  the 
determination  of  ascorbic  acid  in  whole  blood  with  that 
dye  a  difficult  and  unsatisfactory  undertaking.  A  new 
method  comprising  oxidation  of  ascorbic  acid  to 
dehydroascorbic  acid  and  formation  of  a  colored  2,4- 
dinitrophenylhydrazine  derivative  has  recently  been 
devised  for  determination  of  ascorbic  acid  in  whole 
blood. 

Methods  for  determining  calcium,*®  phosphorus  and 
phosphatase  levels  are  well  known.  Disturbances  in 
these  components  are  associated  wdth  rickets. 

Plasma  or  serum  proteins  may  be  determined  by  a 
convenient  colorimetric  method.®®  The  significance  of 
alterations  in  these  blood  constituents,  particularly  albu¬ 
min,  has  been  described  at  length.®^ 

Nutritional  anemia  due  to  iron  deficiency  is  microcytic 
and  hypochromic  in  type.  Although  microcytosis  may 
occur  alone,  diminution  in  hemoglobin  concentration 
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Path,  Technical  Supplement  7:M-S9  (Sept.)  1937  Fiske  C.  H., 
and  Subbarow,  Y. ;  Colorimetric  Determination  of  Phosphorus,  J.  Biol. 
Chem.  66:375-400  (Dec.)  1925.  _ 

90.  Kingsley,  G.  R.:  The  Determination  of  Serum  TotM 

Albumin  and  Globulin  by  the  Biuret  Reaction,  J.  Biol.  Chem  131. 
107  7nn  fNov  )  1939'  A  Rapid  Method  for  the  Separation  of  Serum 
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of  the  blood  is  usually  an  eaiay  sign.  In  the  com¬ 
prehensive  examination  in  private  practice  or  the  hos¬ 
pital,  a  complete  hematologic  examination  is  desirable. 
But  in  surveys  on  a  large  scale  the  objectives  and 
possible  results  must  be  weighed  against  the  limitations 
in  time  and  personnel  and  the  magnitude  of  the  work. 
It  is  doubtful  that  it  would  be  justifiable  to  conduct 
a  thousand  blood  counts  when  only  a  few  will  yield 
low  values.  Rather,  determination  of  hemoglobin  con¬ 
centration  would  seem  to  be  sufficient  for  most  surveys. 
The  results  from  surveys  demonstrate  the  usefulness 
and  adequacy  of  this  single  procedure.®” 

Here  is  a  technic  known  for  a  long  time  but  too 
often  neglected,  or  conducted  by  instruments  capable 
of  revealing  only  wide  abnormalities  and  yielding  such 
errors  that  they  could  not  reveal  slight  deviations  or 
reported  in  terms  of  variable  standards, with  variable 
allowance  for  normal  range.  Osgood  has  admon¬ 
ished  that  “all  hemoglobin  estimations  should  be 
reported  in  grams  per  hundred  cubic  centimeters  and 
the  method  used  should  be  stated.  Otherwise  the  great 
variation  (13.8  to  17.3)  in  the  number  of  grams  of 
hemoglobin  taken  as  100  per  cent  in  different  methods 
and  the  enormous  differences  in  the  accuracy  of  the 
methods  will  make  correct  interpretation  of  the  results 
impossible.” 

Furthermore,  in  view  of  indications  from  other  defi¬ 
ciency  diseases,  perhaps  more  consideration  should  be 
given  to  slight  or  marginal  changes  in  hemoglobin 
concentration.  Some  agreement  on  standards,  recog¬ 
nition  that  one  level  as  a  standard  will  not  suffice  for 
all  ages  and  perhaps  narrowing  of  the  present  wide 
1  ange  accepted  as  noimal  are  items  in  need  of  consid¬ 
eration.  Moreover,  to  remove  errors  inherent  in  most 
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instruments,  the  method  should  be  performed  whenever 
possible  on  a  photoelectric  colorimeter. 

For  assaying  the  vitamins  in  urine,  the  biochemical 
methods  are  based  mostly  on  the  same  reactions  as  in 
blood.  In  the  estimation  of  thiamine  the  thiochrome 
or  diazotized  P-aminoaceto-phenone  reactions  is  util¬ 
ized.®^  Riboflavin  excreted  as  uroflavin  is  measured  by 
a  fluorometric  method.®®  Nicotinic  acid  derivatives  may 
be  determined  by  their  reaction  with  cyanogen  bromide 


96.  Westenbrink,  H.  G.  K.,  and  Goudsmit,  J.;  Determination  of 
Aneurin  (Vitamin  Bi)  by  the  Thiochrome  Reaction,  Rec.  trav.  chim.  d. 
Pays-Bas  56:803-810,  1937;  Chemical  Method  for  Determination  of 
Vitamin  Bi  in  Urine,  Nederl.  tijdschr.  v.  geneesk.  81:  2632-2639 
(June  5)  1937.  Karrer,  W. :  Zur  Bestimmung  von  Vitamin  Bi  im 
menschlichen  Harn,  Helvet.  chim.  Acta  80:  1147-1155  (Nov.  5)  1937. 
VVidenbauer,  F.;  Huhn,  P.,  and  Becker,  G.;  Chemischer  Nachweis 
und  Ausscheidung  von  Vitamin  Bi  im  Harn,  Ztschr.  f.  ges.  exper. 
Med.  101:  178-186,  1937.  Ritsert,  K.:  Zur  Aneurinbestimmung  im 
Harn  nach  der  Jansenschen  Thiochrommethode,  Deutsche  med. 
Wchnschr.  64:  481-484  (April  1)  1938.  Jolliffe,  Norman;  Goodhart, 
Robert;  Gennis,  J.,  and  Cline,  J.  K. :  The  Experimental  Production 
of  Vitamin  Bi  Deficiency  in  Normal  Subjects:  The  Dependence  of 
the  Urinary  Excretion  of  Thiamine  on  the  Dietary  Intake  of  Vita¬ 
min  Bi,  Am.  J.  M.  Sc.  198:198-211  (Aug.)  1939.  Widenbauer, 
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im’ Harn,  Ztschr.  f.  d.  ges.  exper.  Med.  105:  138-144,  1939.  Hennessy, 
D  J.,  and  Cerecedo,  L.  R.:  The  Determination  of  Free  and  Phos- 
plioryiated  Thiamine  by  a  Modified  Thiochrome  Assay,  J.  Am.  Chem. 
Soc.  61:  179-183  (Jan.)  1939.  Ferrebee,  J.  W.,  and  Carden,  O.  A.: 
A  Procedure  for  the  Routine  Determination  of  Vitamin  Bi  in  Urine, 
J  Lab  &  Clin.  Med.  85:  1320-1324  (Sept.)  1940.  Carden,  G.  A.; 
Province,  W.  D.,  and  Ferrebee,  J.  W.:  Clinical  Experiences  with 
the  Measurement  of  the  Urinary  Excretion  of  Vitamin  Bi,  Proc. 
Soc.  Exper.  Biol.  &  Med.  45:1-5  (Oct  )  1940  Wang  Y.  L  and 

Harris,  L.  J.:  Methods  for  Assessing  the  Level  of  Nutrition  of  the 
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chrome  Test,  Biochem.  J.  33 :  1356-1369  (Aug.)  1939  W^^^’ 
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in  the  presence  of  a  suitable  amine. Another  methoc 
for  detecting  aniacinosis  depends  on  the  appeal  ance  of 
a  fluorescent  substance.^®®  Several  methods  for  ^^ter¬ 
mination  of  vitamin  C,  based  on  the  reduction  of  2 :  o 
dichlorophenolindophenol  or  methylene  blue/^®"  vary 
in  technical  points  and  procedures  for  appraising  the 
state  of  vitamin  C  nutrition.  A  very  complete  literature 
on  this  has  been  reviewed.®^ 
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Holt,  L.  E.,  Jr.:  The  Excretion  of  Specific  Fluorescent  Substances  in 
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Scott,  D.  B.  M.,  and  Holt.  L.  E.,  Jr.:  Observations  on  the  Nature  and 
Properties  of  the  Fluorescent  Factor  Fa,  Science  97:537-538  (June  11) 
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Of  the  microbiologic  methods  on  blood,  the  estimation 
of  thiamine  concentration  was  based  on  the  necessity 
of  this  substance  for  growth  of  the  fungus  Phycomyces 
hlakesleanusd®^  That  thiamine  was  found  to  increase 
the  rate  of  fermentation  was  utilized  in  another  type 
of  methodd”®  The  indispensability  of  riboflavin  for  lac¬ 
tic  acid  bacteria  led  to  a  method  for  determining 
the  concentration  of  this  vitamin  in  blood  by  use  of 
Lactobacillus  caseid°®  Factor  V,  a  growth  factor  for 
Flemophilus  parainfluenzae,  has  been  shown  to  be 
replaceable  by  two  coenzyn\es  (cozymase  or  codehydro¬ 
genase)  which  contain  nicotinamide.  Hence  this  micro¬ 
organism  has  been  used  to  measure  the  cozymase 
content  of  the  blood. But  it  is  stated  that  determina- 
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min  Bi  in  Blood,  Biochem.  J.  33:2185-2199  (Dec.)  1938;  The  Estima¬ 
tion  of  Vitamin  Bi  in  Blood:  II.  A  Further  Modification  of  Meikle- 
john’s  Method,  ibid.  33:2027-2036  (Dec.)  1939. 
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1939.  Strong,  F.  M.;  Feeney,  R.  E.;  Moore,  Barbara,  and  Parens, 
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Chem  137:  363-372  (Jan.)  1941.  Axelrod,  A.  E.;  Spies,  T.  D.,  and 
Elvehjem,  C.  A.:  Riboflavin  Content  of  Blood  and  Muscle  No>^al 
and  in  Malnourished  Humans,  Proc.  Soc.  Exper.  Biol.  &  Med.  46. 
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tioii  of  coenzyme  I  offers  little  diagnostic  information  in 
borderline  cases  of  deficiency  diseased^”  The  fei  menta¬ 
tion  test  has  been  used  in  determining  the  thiamine  con¬ 
tent  of  iirined^^  Riboflavin  in  the  mine  has  been 
estimated  by  bacterial  assay  with  L.  casei.”"  With  dog  s 
urine  the  growth  of  Bacterium  paradysenteriae  and  H. 
parainfluenzae  has  been  used  to  assay  the  content  of 
nicotinic  acid  and  factor  V  respectivelyd^"* 

In  an  attempt  to  simplify  the  method  of  estimating 
tissue  saturation  with  vitaiTiin  C,  Rotter  introduced 
the  intradermal  test  whereby  a  small  amount  of 
dichlorophenol-indophenol  dye  is  injected  beneath  the 
skin  and  the  fading  time  is  recorded.  The  validity  and 
reliability  of  the  test  have  been  questioned,  principally 
because  its  values  do  not  correspond  with  plasma  levels 
of  vitamin  C.“°  Recently  this  skin  test  was  found  to' 
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be  more  closely  related  to  the  urinary  excretion  test 
for  saturation  with  vitamin  Cd” 

Similar  in  principle  but  different  in  approach  is  the 
suggested  procedure  of  ascertaining  vitamin  status 
by  determining  the  concentration  of  thiamine  in  a  sam¬ 
ple  of  skeletal  muscle  obtained  by  microbiopsyd”® 
Biophysical  methods  have  been  designed  to  elicit 
under  stress  and  to  measure  by  special  instruments 
functional  or  structural  impairments  attributed  to 
avitaminoses.  IMethods  for  detection  of  visual  dys- 
adaptation  to  darkness  were  in  use  long  before  they 
were  proposed  as  a  means  of  recognizing  early  avi¬ 
taminosis  Following  Fridericia  and  Holm’s 

experimental  production  of  night  blindness  in  rats  on 
an  A-deficient  diet,“^  Jeans  suggested  that  dysadapta- 
tion  be  used  as  an  index  of  avitaminosis  A.^-®  Several 
'instruments  for  measuring  dark  adaptation  have  been 
devised.^-^  These  instruments  have  been  shown  to  have 
technical  faults  and  the  test  itself  has  been  criticized  on 
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its  subjectivity,  lack  of  fixed  threshold  and  standards. 
The  extensive  literature  on  the  subject  has  been  pre- 
sented.^2®  Furthermore,  under  actual  field  conditions 
in  three  surveys  the  most  recent  models  gave  disappoint¬ 
ing  results,  since  a  single  measurement  of  the  visual 
threshold  was  found  not  to  be  a  reliable  indicator  of 
mild  avitaminosis  The  fault  seems  to  lie  not  in 

the  instruments  or  in  their  ability  to  detect  dysadapta- 
tion  but  in  the  inference  that  dysadaptation  appears  as 
a  sign  of  early  or  mild  avitaminosis  A.  The  latter 
inference  has  been  questioned.®® 

Measurement  of  capillary  resistance  to  pressure, 
another  biophysical  method,  has  been  applied  in  apprais¬ 
ing  vitamin  C  status.  Like  dysadaptation,  capillary 
fragility  was  originally  described  in  association  with  a 
variety  of  pathologic  states.^^®  In  1914  Hess  described 
tests  with  positive  pressure  showing  impaired  capillary 
resistance  in  scorbutic  infants. Using  the  same  pro¬ 
cedure  and  counting  petechiae,  Gdthlin  suggested  that 
capillary  resistance  or  fragility  be  used  as  a  measure 
of  vitamin  C  status. Meanwhile,  a  method  for  mea¬ 
suring  capillary  fragility  by  application  of  negative 
pressure  had  been  developed  and  used  in  many  diseases. 
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but  not  with  reference  to  vitamin  C  undernutrition. 
Later  it  was  adapted  to  appraising  vitamin  C  status.^-® 

Several  investigators  have  found  no  correlation 
between  the  values  for  capillary  resistance  and  the 
plasma  concentration  or  urinary  excretion  of  ascorbic 
acid.^®®  More  important,  the  method  yielded  a  high 
degree  of  variation  in  values.  Its  limitations  have  been 
fully  discussed.^ It  is  useful  for  recognizing  somewhat 
severe  acute  scurvy.  But  it  does  not  detect  early  or 
mild  avitaminosis  C,  for  capillary  fragility  does  not 
appear  in  this  state.®® 

For  many  years,  tests  of  neuromuscular  response 
to  galvanic  stimulation  were  employed  in  clinical  medi¬ 
cine.  Although  the  method  was  first  applied  to 
adults,^®®  its  use  was  soon  limited  to  the  diagnosis  of 
“latent”  tetany  in  infants  and  children.^®®  It  indicated, 
therefore,  disturbances  in  calcium  or  vitamin  D,  or 
both.  Its  wide  variability  in  older  children  and  adoles¬ 
cents  and  the  availability  of  methods  for  determining 
the  content  of  calcium  in  the  blood  led  to  almost  com¬ 


plete  abandonment  of  the  neuromuscular  method. 

Morphologic  methods  include  the  x-rays,  the  micro¬ 
scope  and  the  biomicroscope  with  simple  inspection  for 
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definite  lesions.  New  aids  in  the  recognition  of  slight 
changes  in  the  skeleton  in  early  scurvy  by  x-iay  exami¬ 
nation  have  been  furnished.®'^  At  the  same  time  it 
has  been  pointed  out  that  subperiosteal  hemorrhages 
in  infantile  scurvy  may  not  be  visualized  on  the  roent¬ 
genogram  until  administration  of  vitamin  C  induces 
deposition  of  calcium  salts  in  the  periosteum.^®^ 

According  to  Eliot  and  Park"""  “the  x-rays  give 
more  accurate  information  concerning  the  existence  of 
active  or  healing  rickets  than  physical  examination, 
but  for  early  diagnosis  they  have  limitations. 
Furthermore,  it  has  been  shown  that  there  may  be 
conflict  of  opinion  as  to  the  presence  or  absence  of 
evidence  of  rickets  in  individual  films.""" 

By  differential  staining  and  microscopic  examination 
the  demonstration  of  keratinized  epithelial  cells  in  the 
scrapings  from  the  coi'nea,  the  nose  and  the  mouth, 
and  in  secretions  from  the  trachea,  bronchi,  kidneys 
and  vagina  has  been  proposed  as  confirmatory  diagnos¬ 
tic  evidence  in  suspected  cases  of  avitaminosis  A.""" 
It  will  be  noted  this  procedure  was  not  asserted  to  be 
a  means  of  early  detection. 

Gross  and  biomicroscopic  examination  of  the  con¬ 
junctiva,  ocular  limbus,  tongue  and  gums  reveals  all 
forms,  degrees  and  stages  of  avitaminosis  A,  aribo- 


flavinosis,  aniacinosis  and  avitaminosis  C  respec¬ 
tively.""®^  In  each  specific  tissue  site  selected  for 
observation  the  pathologic  process  not  only  appears 
early  but  persists  and  changes  in  correspondence  with 
die  course  of  the  avitaminosis.  Furthermore,  the  site 
is  readily  accessible  to  observation.  Although  very 
much  may  usually  be  seen  grossly  in  moderate  and 
severe  states,  the  biomicroscope  is  exceedingly  sensi¬ 
tive  in  revealing  the  veiy  early  and  slight  tissue  changes. 
It  allows  low  grade  states,  whether  prolonged  or  not, 
to  be  detected.  In  fact,  it  is  essential  for  observation 
of  these  states.  The  slighter  the  change  and  the  closer 
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it  approaches  perfection,  the  more  the  microscope  is 
needed.  From  this  examination,  status  is  expressed 
for  both  acute  and  chronic  processes,  each  in  terms  of 
stage  and  degree. 

CHOICE  OF  METHODS 

Which  kind  of  method  is  best?  The  answer  depends 
on  the  purpose  for  which  the  method  is  to  be  used. 
The  outstanding  objective  is  the  appraisal  of  nutritional 
status  in  the  population,  to  be  conducted  in  schools, 
industry,  business  organizations,  private  practice,  hos¬ 
pitals,  public  health  centers  and  fields  surveys.  Certain 
requirements  inherent  in  this  objective  must  be  met. 
The  test  for  a  particular  deficiency  disease  should  be 
simple,  easy,  quick  and  reliable.  Preferably  it  should 
be  objective  rather  than  subjective.  Practical  consider¬ 
ations  require  that  it  be  feasible.  The  tests  for  indi¬ 
vidual  deficiencies  should  be  adaptable  to  combination 
in  a  system  of  examination  which  retains  all  the  quali¬ 
ties  enumerated.  Furthermore,  such  a  system  should 
not  require  too  many  instruments  or  large  personnel. 
When  one  instrument  can  be  used  for  several  tests  there 
is  a  distinct  advantage.  The  system  must  also  be 
applicable  to  all  ages,  adults  as  well  as  children.  No 
age  group  should  be  overlooked.  It  should  be  noted 
that  many  methods  in  the  past  applied  exclusively  to 
children.  Malnutrition  in  adults  has  been  a  neglected 
subject.  Important  as  is  nutrition  in  the  growth 
period,  it  is  equally  important  in  the  later  decades. 
Recognition  of  the  chronic  state  gives  emphasis  to  this 
statement.  Finally,  in  order  to  characterize  malnutri¬ 
tion  it  is  essential  not  only  to  detect  the  occurrence 
but  also  to  establish  the  status  of  each  deficiency  dis¬ 
ease.  It  is  particularly  important  that  the  system  of 
evaluation  should  be  effective  in  detecting  the  states 
in  which  deficiency  diseases  actually  exist  most  fre¬ 
quently  in  the  population.  Most  of  the  deficiency  states 
in  this  country  are  chronic,  in  all  degrees  and  with  or 
without  an  accompanying  mild  or  severe  acute  proc¬ 
ess.^®*’  Hence  the  system  should  permit  detection  of 
all  forms,  stages  and  degrees. 

The  several  kinds  of  tests  vary  in^  meeting  these 
requirements.  Biochemical  and  microbiologic  methods 
on  blood,  despite  their  usefulness  and  essentiality  for 
many  purposes,  have  disadvantages  for  application  in 
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surveys.  They  are  laborious,  are  time  consuming  and 
require  a  laboratory  with  trained  personnel.  Unfortu¬ 
nately  too,  as  a  means  of  appraising  iiutrition  they  have 
very  narrow  limitations  beyond  which  they  are  mis¬ 
leading.  ... 

In  the  evolution  and  recession  of  an  avitaminosis, 
the  change  in  concentration  of  a  vitamin  in  the  blood 
and  the  alteration  in  tissue  state  are  not  synchronous. 
They  are  on  dififerent  time  schedules.  Blood  is  the 
labile  transport  system.  If  in  the  initial  attack  the  tissue 
were  normal  and  the  blood  value  were  low,  such  a 
value  would  be  significant.  But  practically  this  con¬ 
dition  is  the  least  frequent  in  the  general  population, 
indeed  relatively  unprevalent,  and  would  be  found 
mostly  in  infants  and  preschool  children.  With  wide¬ 
spread  prevalence  of  avitaminoses,  particularly  in  the 
chronic  form,  and  their  establishment  early  in  life  in 
most  persons,  a  perfect  state  in  the  tissue  is  relatively 
infrequent.  It  should  not  be  forgotten,  furthermore, 
that  the  biomicroscopic  examination  of  tissue  is  sensi¬ 
tive  in  detecting  the  very  early  and  mild  tissue  changes, 
indeed  all  states.  Hence  the  blood  method  as  a  primary 
screen  for  the  appraisal  of  vitamin  C  status  has  in 
reality  a  very  limited  range  of  application. 

Once  chronic  changes  have  appeared — and  this  is  the 
common  eventuality  and  the  most  prevalent  state — 
the  blood  values  may  be  unreliable.  The  chronic  proe¬ 
ms  in  the  tissue  recedes  exceedingly  slowly,  almost 
infinitesimally,  on  any  sustained  improvement  in  diet 
and  only  very  slowly  under  persistent  therapy.  In 
contrast,  values  on  the  concentration  of  a  vitamin  in 
the  blood  reflect  very  sensitively  the  recent  dietary 
habits  as  well  as  other  conditioning  factors.  They 
may  change  not  only  with  season  but  also  within 
shorter  periods ,  they  may  fluctuate.  Blood  values  rise 
rapidly  in  reflecting  changes  in  improved  intake,  such 
as  from  seasonal  or  occasional  dietary  improvement 
but  with  no  noticeable  effect  in  the  chronic  process  in 
the  tissue.  A  sustained  satisfactory  blood  level  result¬ 
ing  from  adoption  of  a  satisfactory  diet  or  taking  of 
low  potency  maintenance  tablets,  now  so  popular  is 
not  accompanied  by  any  appreciable  improvement  in 
an  existing  severe  chronic  pathologic  condition  in  the 
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tissue.  Potent  therapy  will  produce  maximum  blood 
levels  and  entirely  restore  bodily  saturation  in  several 
weeks  but  will  completely  repair  the  slightest  chronic 
tissue  lesion  only  in  months.  Plere  a  high  blood  level 
will  be  maintained  over  the  many  months  while  the 
tissue  lesion  is  receding  but  is,  of  course,  still  abnormal. 
Temporarily  or  consistently,  therefore,  the  blood  values 
may,  under  these  several  circumstances,  be  moderate 
or  high  without  demonstrable  recession  in  the  existing 
chronic  lesion.  In  any  of  these  instances  the  blood 
value  would  indicate  a  satisfactory  nutritional  status 
while  the  tissue  would  be  pathologic.  Manifestly, 
appraisal  from  the  blood  value  alone  would  be  entirely 
misleading. 

It  should  be  clear  that  there  is  no  necessary  high 
correlation  between  data  derived  by  different  methods 
on  the  same  deficiency  disease.  They  provide  informa¬ 
tion  on  different  aspects  and  states  of  the  disorder. 
Unfortunately,  this  fact  has  not  been  appreciated. 
Rather,  it  has  been  thought  that  various  methods 
applied  to  the  same  deficiency  disease  should  yield 
similar  data.  On  this  basis  it  has  become  the  practice 
to  test  the  validity  of  a  method  by  comparing  its  results 
with  blood  values.  This  procedure  is  entirely  unsound. 
When  it  is  remembered  that  blood  values  shift  rapidly 
and  may  fluctuate  intermittently,  while  tissue  changes 
very  slowly,  there  should  be  no  expectation  of  identical 
results. 

An  example  demonstrating  these  points  is  particu¬ 
larly  revealing.  With  the  development  of  accurate 
methods  for  determining  the  concentration  of  ascorbic 
acid  in  blood  and  urine,  analyses  have  been  conducted 
on  these  fluids,  after  a  fasting  period  or  a  test  dose, 
as  a  means  of  appraising  vitamin  C  status.  There  has 
been  a  strong  trend  toward  general  acceptance  of  the 
results  from  these  procedures  as  the  true  index  o 
bodily  status  with  respect  to  vitamin  C.  Indeed,  the 
reliability  of  other  methods  of  appraisal  has  been  gaged 
bv  comparison  with  blood  values  as  the  criterion. 
Yet  Greenberg,  Rinehart  and  Phatak  cautioned 
“.  .  .  the  estimation  of  the  reduced  plasma  ascorbic 

acid  is  only  a  measure  of  the  immediate  nutritive  or 
metabolic  level  relative  to  vitamin  C  and  is  depen  en 
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on  recent  dietary  habits  to  a  large  degree.  Althoug  i 
it  is  an  index  of  the  vitamin  C  nutrition  at  the  time 
of  the  test,  in  a  single  case  a  low  level  does  not  imply 
tissue  injury  or  scurvy  (either  clinical  or  subclinical) . 
The  latter  results  from  the  operation  of  suhoptimal  or 
low  metabolic  levels  over  some  period  of  time.  Con¬ 
versely,  a  good  or  high  level  would  not  indicate  that 
deficiency  had  not  operated  to  produce  tissue  injury- 
in  the  past.” 

In  line  with  this  statement,  Crane  and  Woods,‘“' 
studying  an  acute  outbreak  of  scurvy  in  children  by 
comparing  gingival  condition  with  ascorbic  acid  con¬ 
centration  in  plasma  both  in  the  autumn  and  in  the 
following  spring,  found  that  7  of  17  children  with 
consistently  high  ascorbic  acid  values  on  both  occasions 
had  gingival  inflammation  at  one  or  the  other  exami¬ 
nation,  while  14  of  25  children  with  inflammation 
of  at  least  six  months’  duration  had  high  values  on 
one  or  the  other  occasion.  A  similar  comparison  of 
ascorbic  acid  values  with  the  states  of  the  gingival 
lesions  which  I  conducted  in  a  low  income  group, 
with  a  more  sensitive  method  of  detecting  and  more 
rigid  criteria  of  rating  pathologic  conditions  in  the 
gums,  revealed  an  even  less  constant  relationshi]). 
These  results,  far  from  demonstrating  that  the  blood 
level  is  a  trustworthy  criterion  for  comparison  of  other 
methods,  show  that  it  has  serious  restrictions  as  a 
method  for  appraising  vitamin  C  status.  Determina¬ 
tion  of  the  excretory  level  and  bodily  saturation  tests, 
whether  from  serial  analyses  on  blood  or  on  urine,  also 
have  these  limitations. 

In  several  hands,  routine  examination  by  the  bio¬ 
physical  methods  has  failed  completely  to  detect  earlv 
or  even  moderately  intense  avitaminosis.^®  Either  the 
disturbances,  e.  g.  dysadaptation  and  petechiae,  are  not 
pronounced  enough  in  their  early  stages  to  be  detected 
or  they  are  late  manifestations. 


The  limitations  of  the  blood,  urine  and  biophysical 
methods  for  evaluation  of  nutritional  status  do  not  dis¬ 
credit  them.  Used  appropriated,  each  kind  nf 
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quick  reflection  of  dietary  habits  in  the  body,  for  sec¬ 
ondary  screening  of  persons  without  avitaminotic  tissue 
changes,  for  specific  metabolic  studies,  the  blood  or 
urine  technic  is  the  method  of  election.  Similarly,  for 
studying  dysadaptation  and  night  blindness,  the  adap- 
tometer  is  the  proper  instrument. 

The  methods  which  embody  gross  and  biomicroscopic 
examination  of  specific  tissues  for  characteristic  mor¬ 
phologic  changes — the  eyes  for  avitaminosis  A  and 
ariboflavinosis,  the  gums  for  avitaminosis  C  and  the 
tongue  for  aniacinosis— meet  most  requirements  for 
appraising  nutritional  status.  Particularly  they  permit 
both  the  acute  and  chronic  forms  of  tissue  change  in 
any  stage  and  degree  to  be  detected.  True,  if  the  tissue 
is  normal,  it  is  possible  that  the  blood  values  may  be 
low.  This  situation,  however,  is  the  least  frequent 
in  the  general  population.  Such  a  circumstance  would 
be  encountered  most  often  in  infants  and  preschool 
children.  But  the  biomicroscopic  system  as  a  primary 
screen  is  so  sensitive  in  detecting  the  very  early  or 
mild  form  that  routine  blood  values  as  a  secondary 
screen  would  add  information  in  only  a  comparatively 
small  number  of  instances. 

There  are  still  some  gaps  in  the  several  systems  for 
appraising  nutrition.  Despite  the  lack  of  a  few  tests, 
there  are  now  enough  for  application.  Considering  the 
rapid  progress  in  this  field,  it  is  to  be  expected  that 
before  long  the  systems  will  be  rounded  out. 

PREVALENCE  OF  MALNUTRITION 

Obviously  the  recorded  prevalence  of  malnutrition 
depends  on  the  concept,  criteria  and  means  of  recogniz¬ 
ing  it.  In  the  past  it  has  been  judged  by  physical 
measurements  or  by  presence  of  assorted  gross  signs, 
including  those  of  the  severe  acute  type  of  deficiency 
disease  Neither  method  has  revealed  any  considerable 
prevalence  of  malnutrition.  It  is  very  misleading  to 
rely  on  them  for  evidence  on  the  amount  of  malnutri¬ 
tion  Simple  inspection  is  not  sufficiently  sensitive  to 
detect  mild  deficiency  states,  whether  acute  or  chronic. 
Most  of  the  chronic  changes,  even  when^  severe  have 
not  been  recognized  as  specific  characteristics  of  defi¬ 
ciency  diseases.  These  conditions  constitute  the  largest 

part  of  malnutrition.  _  . 

Already  the  gross  and  biomicroscopic  methods 
examining  tissue  have  yielded  results  indicating  a  ig 
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prevalence  of  deficiency  states.'®"  Even  in  high  eco¬ 
nomic  groups  there  are  few  people  in  absolutely  perfect 
nutrition.  Yet  these  results  are  not  surprising.  Very 
few  persons  have  consistently  followed  throughout  life 
a  diet  satisfactory  in  all  essentials,  escaped  the  many 
other  causes  contributing  to  a  deficiency  state  or  had 
complete  recovery  from  any  impairment  of  their  nutri¬ 
tion.  The  older  the  person,  the  more  opportunity  he 
has  had  for  some  dietary  lapse  or  adverse  influence. 
'Fhen  too  the  standard  of  perfection  in  the  tissue  is  very 
exacting.  And  the  biomicroscopic  method  is  so  sen¬ 
sitive  that  it  is  capable  of  detecting  slight  abnormalities. 
From  all  these  considerations,  the  high  prevalence  of 
deficiency  diseases  is  not  unexpected. 

Taken  by  and  large,  most  of  the  malnutrition  is 
chronic,  with  or  without  mild  acute ;  some  of  it  is 
mild,  but  much  is  rather  severe.'®"  This  condition  too 
is  understandable.  Often  faulty  diets  persist  for  many 
years. 

Some  broad  generalizations  can  be  drawn  about  the 
several  states  in  relation  to  factors  afifecting  them. 
Like  prevalence,  the  status  of  a  deficiency  disease  is 
influenced  by  economic  level,  geographic  region  and 
age  as  well  as  by  lesser  environmental  factors.  Of 
these  three  it  may  be  seen  that  the  first  two  are  indexes 
of  the  number,  nature  and  degree  of  dietary  deficiencies. 
Age  is  again  the  time  factor.  In  the  lower  economic 
groups,  deficiency  diseases  tend  to  be  more  numerous, 
more  severe  and  more  advanced  than  in  the  higher 
economic  groups.  In  geographic  regions  where  a  par¬ 
ticular  deficiency  disease  is  endemic  the  severe  acute 
form  is  common ;  in  other  regions  it  is  rarely  seen.  In 
the  latter  it  is  mostly  in  the  chronic  form.  At  younger 
ages  deficiency  diseases  are  likely  to  be  less  prevalent 
and  mostly  in  the  mild  acute  or  beginning  chronic  state ; 
at  older  ages  they  are  apt  to  be  more  frequent  and 
largely  in  the  chronic  form. 

These  influences  are  not  invariable,  absolute  or  com¬ 
pletely  decisive.  Economic  level  and  geographic  region 
are  far  from  perfect  correlates  of  deflcient  diets  and 
age  does  not  initiate  a  deficiency  disease.  Nor  are 
fliese  influences  of  equal  weight.  Perhaps  the  most 
influential  is  economic  level.  But  many  persons  in  the 
higher  economic  groups  do  have  severe  deficiencies 
while  some  m  the  lower  miraculously  escape  Onlv 
a  small  proportion  of  persons  in  an  endeinic  region 
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come  down  with  a  severe  acute  deficiency  disease ; 
almost  all  of  these  are  in  the  low  income  group.  As 
for  the  influence  of  age,  adults  may  be  normal,  whereas 
children,  particularly  if  they  are  from  low  income  fami¬ 
lies,  may  exhibit  a  chronic  process.  We  have  seen 
numerous  children  from  8  to  11  years  old  and  in  low 
economic  groups  with  chronic  changes  similar  to  those 
most  frequent  in  the  middle  age  group. 

It  is  apparent  that  there  is  much  malnutrition,  most 
of  it  chronic  in  character.  If  we  wish  to  be  coldly 
scientific  we  can  join  the  skeptic  in  asking:  What  of  it? 
What  is  the  justification  for  the  expense  and  work 
in  examining  persons  and  treating  the  marginally  mal¬ 
nourished?  It  is  appropriate  to  raise  the  question 
whether  the  mild  and  chronic  forms  of  malnutrition 
have  any  significance.  Increasing  evidence  indicates 
that  they  have  immediate  and  that  they  may  also  be 
found  to  have  long  range  effects. 

For  one  thing,  troublesome  symptoms  occurring  in 
these  mild  and  chronic  forms  of  malnutrition  and  their 
disappearance  under  treatment  may  be  noted  objec¬ 
tively.  In  ariboflavinosis,  photophobia  and  lacrimation 
are  frequently  noted  during  the  biomicroscopic  exami¬ 
nation.®®  Psychic  manifestations  have  been  observed 
in  mild  athiaminosis.’^^*  Doubtless,  disturbing  symp¬ 
toms  will  be  found  in  the  mild  stages  of  other  deficiency 
diseases.  Some  are  real  handicaps.  How  much  these 
symptoms  dull  the  edge  of  health  and  lower  peifoim- 
ance  in  daily  activities  can  now  only  be  conjectured. 
In  many  instances,  only  after  the  symptoms  have  dis¬ 
appeared  is  their  previous  presence  appreciated.  Relief 
from  such  symptoms  is  no  small  benefit.  The  extent 
to  which  improvement  is  reflected  in  such  activities  as 
work  remains  to  he  demonstrated.  In  any  event,  relie 
from  symptoms  may  be  regarded  as  one  justification 
for  the  diagnosis  and  specific  treatment  of  these  mild 
and  chronic  states. 


INFLUENCE  ON  MORBIDITY 

Moreover,  there  are  many  strong  intimations,  short 
of  proof,  that  malnutrition  has  a  contributory  or  dHer- 
mining  role  in  the  occurrence  of  other  diseases,  ibis 
is  the  much  debated  question  of  the  influence  o  nu  ri^ 
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tioiial  status  on  morbidity.  Up  to  now  the  lack  of 
methods  has  made  it  difficult  to  supplant  debate_  by 
demonstration  on  whether,  or  to  what  extent,  impaired 
nutrition  may  play  a  part  as  a  predisposing  factor  in 
parasitic  diseases,  such  as  tuberculosis,  and  whether 
satisfactory  nutrition  may  aid  in  building  up  natural 
resistance  against  such  diseases.  With  the  present 
availability  of  methods,  this  very  promising  and  hopeful 
vista  may  be  explored.  However,  we  must  not  look 
for  too  much  from  nutrition;  we  must  not  expect  it  to 
confer  absolute  protection  against  disease.  Other  cir¬ 
cumstances,  of  course,  exert  their  influence.  Rather, 
let  us  say  that  nutrition  at  most  may  be  one  factor 
alYecting  the  probability  of  disease  occurring.  If  that 
should  be  demonstrated  it  would  be  sufficiently  impor¬ 
tant  to  warrant  evaluation  of  nutritional  status  as  a 
routine  procedure. 


CHAPTER  XXIII 


NUTRITION  IN  PREVENTIVE  MEDICINE 
W.  H.  SEBRELL,  M.D. 

BETHESDA,  MD. 


The  prevention  of  malnutrition  and  the  deficiency 
diseases  is  probably  the  greatest  and  most  complex 
problem  in  public  health  that  this  country  has  ever 
had.  The  exact  extent  of  physical  disability,  economic 
loss  and  disease  directly  or  indirectly  related  to  nutri¬ 
tion  are  unknown,  and  yet  there  is  every  indication 
that  malnutrition  is  very  widespread.  Some  physicians 
who  do  not  see  many  cases  of  advanced  deficiency  dis¬ 
ease  feel  that  the  importance  of  nutrition  is  being 
overemphasized.  However,  in  every  clinic  in  which 
close  observations  are  made  and  the  more  refined 
methods  of  diagnosis  used,  many  unsuspected  cases  of 
malnutrition  are  recognized,  and  every  study  reveals 
the  importance  of  mild  degrees  of  deficiency  in  pro¬ 
ducing  symptoms  the  cause  of  which  was  hitherto 
unrecognized.  Furthermore,  it  is  significant  that 
almost  all  practicing  physicians  are  prescribing  vitamin 
preparations  for  more  and  more  of  their  patients. 

Even  before  our  food  supply  was  disturbed  by  the 
conditions  incident  to  war,  a  number  of  surveys  had 
all  shown  that  a  large  part  of  our  population  was 
eating  foods  which  failed  to  provide  the  essentials  in 
amounts  recommended  for  optimum  nutrition.  For 
example,  a  survey  of  the  diets  of  more  than  a  thousand 
workers  in  a  large  aircraft  factory  ^  revealed  that  more 
than  four  fifths _  of  the  diets  studied  fell  below  the 
amounts  of  certain  nutrients  recommended  by  the  Food 
and  Nutrition  Board  of  the  National  Research  Coun¬ 
cil.-  Nutritionists  who  have  watched  workers  select 
their  lunches  in  cafeteria  lines  report  that  not  more 
than  half  of  them  choose  good  lunches  even  when  foods 
needed  to  provide  good  lunches  are  on  the  counters  It 
was  also  observed  that  women  usually  made  poorer 
choices  than  men.  The  metliod  of  food  preparation 
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also  greatly  affects  its  food  value.  In  a  study  of  food 
as  it  was  served  ^  it  was  shown  that  as  much  as  90 
per  cent  of  the  thiamine  (B^)  present  in  the  fresh  raw 
food  was  lost  before  the  food  was  eaten.  Keeping  food 
hot  for  long  periods  of  time  is  really  overcooking  it, 
and  the  vitamins  destroyed  by  heat  and  oxidation  are 
thus  lost.  The  hot  lunch  prepared  and  kept  hot  for 
hours  before  consumption  may  not  be  as  satisfactory 
nutritionally  as  a  cold  one. 

The  effect  of  such  inadequate  diets  on  the  ability  of 
the  civilian  worker  to  do  his  part  in  the  war  effort  must 
be  of  serious  concern  to  us  at  this  time.  As  a  nation 
we  are  not  as  well  fed  as  we  once  believed.  Physicians 
and  health  officers  must  recognize  that  here  is  a  whole 
new  sphere  of  responsibility  in  the  field  of  preventive 
medicine  as  great  as  or  greater  than  the  field  of  sani¬ 
tation  or  control  of  communicable  diseases. 

The  growing  recognition  of  the  importance  of  nutri¬ 
tion  in  health  has  gone  hand  in  hand  with  the  develop¬ 
ment  of  the  science  of  nutrition.  Most  of  what  may 
be  called  the  modern  knowledge  of  nutrition  has  devel¬ 
oped  during  the  present  century  and  much  of  it  since 
World  War  I.  The  discovery  of  new  vitamins,  the 
recognition  of  the  great  physiologic  importance  of  vari¬ 
ous  mineral  salts  and  better  methods  of  diagnosis  have 
made  the  entire  world  increasingly  aware  of  the  enor¬ 
mous  amount  of  ill  health,  poor  development,  disease 
and  disability  due  either  directly  or  indirectly  to  mal¬ 
nutrition.  An  indication  of  the  extent  of  the  problem 
is  given  just  by  a  survey  of  the  fragmentary  reports  in 
the  medical  literature  on  the  prevalence  of  the  vitamin 
deficiency  diseases. 

The  jirincipal  dietary  deficiency  diseases  are  nutri¬ 
tional  edema,  vitamin  A  deficiency,  vitamin  D  deficiency, 
vitamin  B,  (thiamine)  deficiency,  nicotinic  acid  deh- 
ciencv  (pellagra),  riboflavin  deficiency  (ariboflavino- 
sis)  'vitamin  C  deficiency  (scurvy)  and  vitamin  K  defi¬ 
ciency  These  diseases  occur  to  some  extent  throughout 
the  world,  although  there  are  frequently  wide  variations 

in  geographic  distribution. 

Although  reports  in  many  instances  indicate  an  exten¬ 
sive  occurrence  of  deficiency  disease,  they  most  pro  a  y 
represent  only  a  small  proportion  of  the  cases  ac  ua  y 
occurring  in  the  world. _ 

3.  Goodhart,  Robert:  Dietary  Conditions  in  Industry,  J.  A.  M.  A. 
121:93  (Jan.  9)  1943. 


PREVENTIVE  MEDICINE 


475 


NUTRITIONAL  EDEMA 

Nutritional  edema  is  an  invariable  accompaniment  of 
famine  and  rapidly  disappears  when  the  patient  is  given 
enough  food  of  good  quality.  Together  with  the  pro¬ 
longed  undernutrition  a  deficiency  of  protein  appears 
to  he  the  most  important  factor  in  the  production  of 
this  syndrome,  although  it  is  recognized  that  strenuous 
exercise,  exposure  to  cold  and  probably  other  influences 
are  contributory. 

In  mild  cases  the  edema  may  be  confined  to  the  lower 
limbs,  but  when  it  is  more  severe  it  extends  to  all 
parts  of  the  body.  It  is  accompanied  by  emaciation, 
iiAiscular  weakness,  depression,  anemia  and  very  fre¬ 
quently  gastrointestinal  disturbances.  The  swollen 
extremities  are  cold  and  painful  when  touched,  the  pulse 
is  slow  and  the  blood  pressure  is  low. 

This  disease  is  very  common  in  prison  camps  and 
during  periods  of  famine.  It  has  been  especially  preva¬ 
lent  in  India  and  in  China.  During  the  latter  years 
of  the  first  world  war  it  reached  epidemic  proportions 
among  the  poorer  classes  of  the  civilian  populations  of 
the  central  European  countries.  In  Bohemia  alone  22,842 
cases  were  listed.  In  the  Russian  famine  of  1921-1922 
every  single  surviving  inhabitant  of  certain  towns  was 
affected.  During  the  present  nutritional  crisis  in  Europe 
and  in  China  we  may  be  certain  that  the  incidence 
of  nutritional  edema  is  extremely  high  although  no 
accurate  figures  are  as  yet  available. 


VITAMIN  A 


Vitamin  A  deficiency  is  manifested  in  human  beings 
by  lesions  found  chiefly  in  the  epithelial  structures.  The 
most  readily  recognized  symptoms  are  those  of  the 
severe  deficiency  states.  Xerophthalmia  is  associated 
with  atrophy  of  the  paraocular  glands,  hyperkeratosis 
of  the  conjunctiva  and  finally  involvement  of  the  cornea 
leading  to  softening  or  keratomalacia  and  blindness 
Nyctalopia,  or  night  blindness,  is  due  to  a  functional 
failure  of  the  retina  in  the  proper  regeneration  of  visual 
purple.  The  characteristic  skin  lesions  were  first  rec¬ 
ognized  in  Chinese  soldiers  in  193 1."  The  lesions  con¬ 
sist  of  epidermal  hyperplasia  and  glandular  atrophy 
and  are  represented  by  papular  eruptions  around  the 
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pilosebaceous  follicles.  Unlike  the  ocular  manifestations, 
cutaneous  eruptions  occur  in  persons  between  16  and 
30  years  of  age  and  not  in  infants.  It  is  common 
among  men,  and  90  per  cent  of  those  showing  the  derma¬ 
tosis  have  obvious  ocular  manifestations  of  vitamin  A 
deficiency.® 

The  symptoms  of  milder  deficiency  states  are  more 
difficult  to  detect.  Early  stages  of  conjunctival  xerosis 
occur  which  may  be  discovered  only  by  biomicroscopic 
examination.®  Incipient  night  blindness  may  be  demon¬ 
strable  only  by  careful  studies  of  dark  adaptation  for 
which  a  variety  of  photometric  instruments  and  technics 
have  been  introduced.  Mild  dermatoses  resembling  the 
more  florid  eruptions  of  advanced  vitamin  A  deficiency 
and  responding  to  treatment  with  vitamin  A  prepara¬ 
tions  have  been  described.^  Levels  of  carotene  and  vita¬ 
min  A  in  the  blood  and  tissues  have  been  determined 
in  an  efifort  to  use  them  as  criteria  of  deficiency  states, 
either  manifest  or  subclinical.  Vitamin  A  has  also  been 
given  a  role  in  disorders  of  the  respiratory  tract,® 
genitourinary  tract,®  central  nervous  system,^®  teeth,“ 
thvroid  gland  and  other  organ  systems  and  structures. 

Xerophthalmia  and  nyctalopia  have  been  reported 
from  almost  every  part  of  the  world.  In  most  countries 
it  is  infrequent  except  under  unusual  circumstances. 
It  is  prevalent,  however,  in  India,^®  China,’^'^  the  Dutch 
East  Indies,^®  other  Asiatic  areas,^®  British  Guiana 


■;  Frazier  C  N..  and  Hu,  Ch’uan-K’uei :  Nature  and  Distribution 
According  to  ’Age  of  Cutaneous  Manifestations  of  Vitamin  A  Deficiency, 

Arch.  Dermat.  &  Syph.  33  2  825  (May)  1936.  -.r-it  i  itc 

6.  Wiehl,  Dorothy  G.,  and  Kruse,  H.  D.:  Milbank  Mem.  Fund 

^'T^  Youma^ns^’  b!:  The  Present  Status  of  Vitamin  Deficiencies  in 
Practice.  T.  A.’ M.  A.  108:15,  (Jan.  2)  1937.  o . 
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10.  Mellanby,  Edward:  ?rain  58:  141  1935  H  ,  and 
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and  sections  of  Africad®  A  study  in  South  India 
in  1937  found  as  many  as  15  i>er  cent  of  4,000  school 
children  showing  xerophthalmia  and  keratomalacia.  In 
Bengal  xerophthalmia  and  nyctalopia  were  found  in 

9  per  cent  of  2,000  persons.  In  Tientsin,  China,^^  a 
survey  of  school  children  uncovered  the  presence  of 
xerophthalmia  in  83  per  cent  of  certain  groups.  Five 
per  cent  of  children  admitted  to  a  Batavia  hospital 
were  xerophthalmic.  and  in  Groot-Atjeh  it  was  found 
to  be  “widespread.”  In  Ceylon  65  per  cent  of  the 
blindness  was  attributable  to  xerophthalmia,  the  latter 
being  noted  as  “common.”  Of  500,000  persons  in 
java-®  about  1  per  cent  of  blindness  was  found,  and 
here  too  xerophthalmia  was  the  chief  cause.  In 
Sumatra  20  to  61  per  cent  of  3,684  children  showed 
evidences  of  xerophthalmia,  and  in  1939  1  per  cent  of 
8,677  children  examined  in  the  Philippine  Islands 
had  this  disease.  In  1937  keratomalacia,  xerophthal¬ 
mia  and  nyctalopia  were  reported  as  “common”  in  the 
British  Solomon  Islands,-®  as  “unknown”  in  the  New 
Hebrides  Condominium,^®  as  “existing”  in  the  Tonga 
Islands  -®  and  “almost  completely  absent”  in  the  Fiji 
Islands.-® 

Reports  from  Tanganyika  Territory  in  1939  showed 

10  per  cent  of  the  school  boys  to  be  suffering  from  night 
blindness.  In  Teso,  Uganda,®"  a  30  per  cent  incidence 
of  xerophthalmia  was  found  among  children  in  a  group 
of  1,112  persons  of  all  ages.  In  Cairo,  Egypt, only 
0.2  per  cent  of  persons  attending  a  general  ophthal¬ 
mologic  hospital  were  nyctalopic,  and  0.4  per  cent 


18.  McKenzie. Loewenthal.®®  ,  ,  ...  .  n  i,  t  a- 

19.  League  of  Nations  Report  on  Health  Organization  in  British  India, 

Biswas.’  R.  b!:  Indian  M.  Gaz.  76:  747  (Dec.)  1941. 

21.  Nicholls,  T>. :  Indian.  M.  Gaz.  08:681  (Dec.)  1933,  69.  241 

^^22f^DeH\^as  and  others:  Geneesk.  tijdschr.  v.  Nederl. -Indie  80:928, 

^^23'.  Gomperts,  C.  E.:  Geneesk.  tijdschr.  v.  Nederl.-Indie.  80:1192 

^^4^/Lpue^of  Nations  Health  Organization  Reports,  Geneva,  1937. 

Is.  Tifssen,  J.r  Sesl  tijdschr.  v.  Nederl.-Indie  79:79  (Jan.  10) 

Maas:  Geneesk.  tijdschr.  v.  Nederl.-Indie  79:1512  (June  13) 

'^27!  Ubaldo,  A.  R.,  and  de  Canipo,  G.:  J.  Philippine  Islands  M.  A. 

^^L^League'^of  NSions  Health  Organ.,  Intergov.  Conference  of  Far 

'^l9!^McKenzit  aT  &  ilyg.  32:717  (April) 

*^3o!  Loewenthal,  L.  J.  A.;  J.  Trop.  Med.  &  f 

31.  8th  Annual  Report  of  the  Giza  Memorial  Ophthalmic  Lab.,  1^4)5. 
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showed  xerosis  of  the  conjunctiva  and  cornea.  No 
cases  were  found  in  a  thorough  1942  survey  of  841 
children  in  the  Union  of  South  Africa  and  none  were 
noted  in  the  Falkland  Islands.^^ 

In  Europe,  xerophthalmia  is  uncommon.®^  Up  to 
1939  only  7  cases  had  been  reported  in  the  French 
medical  literature, and  reports  up  to  1941  failed 
to  add  any  further  cases.  Under  unusual  circumstances 
the  disease  appeared  in  epidemic  form,  as  in  Denmark 
during  World  War  I,  when  dairy  products  were 
replaced  in  the  diet  by  fats  lacking  in  vitamin  A.  A 
recent  survey  of  106  families  including  561  persons  in 
Madrid,  Spain, uncovered  only  2  per  cent  with  nyc¬ 
talopia.  In  Italy,  however,  the  incidence  is  reported 
to  be  much  higher.  In  Turin  in  1939  45  i^er  cent 

of  500  school  children  had  night  blindness,  and  it  was 
also  found  to  be  common  in  Venice.'*"  A  study  of  rural 
populations  revealed  that  nyctalopia  and  dermatosis 
were  “frequently  reported”  from  Sweden,  Norway, 
Finland,  Czechoslovakia  and  Yugoslavia.  A  year 
earlier,  in  1938,  a  report  from  Prague  based  on  a 
questionnaire  survey  found  no  serious  deficiencies, 
although  dermatoses  and  nyctalopia  were  noted.  In 
Halle,  Germany in  1939  17  per  cent  of  218  persons 
were  found  to  be  night  blind. 

In  the  United  States  xerophthalmia,  keratomalacia 
and  nyctalopia  due  to  vitamin  A  deficiency  are  rarities. 


(Jufy  n)*^^’942  Latsky,  J.  M.;  South  African  M.  J.  16:255 

33.  Annual  M.  &  Saint.  Report,  1937,  p.  24. 

34.  Brewis  and  others;  Ann.  Rep.  M.  O.  H.  City  &  County  of  New- 
castle  upon  Tyne  for  1939,  appendix  A,  p.  12.  Chevallier,  A.:  Bull 
Soc.  sc.  hyg  aliment.  38:61,  1940.  Minoli,  R.  F.:  Milbank  Mem.  f! 
Quart.  30:213,  1942.  Mowinckel,  Reistrup  and  Reiter,'®  and  the  refer- 

S3.  56,  57,  59  and  60. 
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43.  von  Drigalski  and  othep:  Klin.  Wchnschr.  18:  875,  1939 
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In  \  ucatan  and  British  Guiana  they  are  reported 
as  “common.”  A  recent  study  in  Newfoundland  and 
Labrador  uncovered  no  cases  of  xerophthalmia  and 
only  3  per  cent  of  night  blindness  among  353  adults. 
In  Brazil  a  number  of  cases  of  nyctalopia  were  noted 
during  a  period  of  drought.  The  conditions  were 
reported  from  Trinidad  as  of  “rare”  occurrence. 

The  severe  dermatoses  of  vitamin  A  deficiency  are 
found  in  the  same  geographic  distribution  as  the 
advanced  ocular  manifestations.  Reports  from  China  ® 
and  other  countries  indicate  the  incidence  of  this 
symptom  to  be  as  high  as  or  higher  than  that  of  ocular 
symptoms.  The  occurrence  of  mild  dermatoses  as  evi¬ 
dence  of  low  grade  vitamin  A  deficiency  has  been 
reported  widely.  Five  per  cent  of  a  general  population 
group  in  England  in  1940  showed  such  a  hyperkera¬ 
tosis,  and  13  per  cent  of  a  similar  group  in  Madrid, 
Spain,®®  in  1941  had  such  lesions.  It  has  been  fre¬ 
quently  reported  from  the  Scandinavian  countries,*^ 
central  Europe,®^  Asia  and  South  Africa.®® 

The  failure  of  the  eye  to  adapt  properly  to  darkness 
has  been  reported  as  a  mild  vitamin  A  deficiency  symp¬ 
tom  and  has  been  subjected  to  refined  biophotometric 
measurement.  Reports  of  such  studies  have  been  at 
variance  as  the  result  of  the  multitude  of  technics  and 
instruments  employed,  the  failure  to  consider  other 
etiologic  factors  of  dysadaptation  and  the  unavailability 
of  universally  accepted  criteria  of  subclinical  vitamin  A 
deficiency  disease  to  serve  as  standards. 

A  high  incidence  of  dark  dysadaptation  has  been 
reported  widely  in  the  United  States  and  throughout 
the  world.®®  Among  120  Iowa  school  children  almost 
20  per  cent  showed  abnormal  adaptation  in  the  winter 


45  Eddy  Walter  and  Dalldorf,  Gilbert:  The  Avitaminoses,  Baltimore, 

S'fi  wild, 

49.  Soils,’ Lucius; 'and  Nimalasuriya,  Ananda:  Lancet  1  :  1432  (June 

"If 0 : = r  a.., 

A  Deficiency  in  Adults,  /:)b  i^ep  . 

mans,  Frank  and  Corlette.  _  1030  Mowinckel, 

53.  Pett,  L.  B.:  J.  Biol.  Chem.  138:  Ixxvni  (June) 

Dark  Adaptation  and  Vitamin  A,  J.  Pediat.  18.  170  (  ) 
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and  5  per  cent  in  tlie  fall.  Of  54  adults  studied  iu 
Tennessee  27  had  subnormal  abilities  to  adapt  to 
darkness.  In  Copenhagen  46  of  65  healthy  school 
children  showed  this  impairment^  Similar  findings 
have  been  reported  from  France,®^  Sweden,  Finland, 
Germany India, Africa  and  the  Dutch  East 
Indies.®^  However,  reports  indicating  a  very  low  inci¬ 
dence  of  dark  dysadaptation  are  also  available.  A  study 
of  Chicago  children®®  in  1942,  augmente  1  by  deter¬ 
minations  of  vitamin  A  blood  levels,  led  to  the  con¬ 
clusion  that  “mild  vitamin  A  deficiency  is  rare  or  not 
detectable  by  these  methods.”  Only  1  case  of  dark 
dysadaptation®^  was  found  among  144  New  York  City 
school  children. 

Very  mild  degrees  of  conjunctival  xerosis  recently 
have  been  attributed  to  a  deficiency -of  vitamin  A.  By 
means  of  a  bimicroscopic  slit  lamp,  86.6  per  cent  ®  of 
poor  school  children  in  New  York  City  were  found 
to  exhibit  such  lesions.  A  follicular  conjunctivitis  also 
thought  to  be  etiologically  related  to  vitamin  A  defi¬ 
ciency  was  present  in  21.7  per  cent  of  1,041  Florida®® 
school  children.  ‘ 

VITAMIN  D  DEFICIENCY 

Nutritional  diseases  due  to  deficiencies  of  vitamin  D 
and  calcium  may  be  divided  into  three  important  cate¬ 
gories,  namely  rickets,  osteomalacia  and  tetany.  The 
three  conditions,  though  usually  separated  for  descrip¬ 
tive  purposes,  have  ramifications  that  make  it  difficult 
to  separate  them  completely. 

Rickets. — Neff  ®®  defines  rickets  as  a  “nutritional  and 
metabolic  disease  of  the  first  two  years  of  life,  the  chief 


55.  Corlette,  M.  B.;  Youmans,  J.  B.;  Frank,  Helen,  and  Corlette, 
Mildred  G. ;  Am.  J.  M.  Sc.  195:  54  (Jan.)  1938. 

56.  Frandsen,  H.:  Nutrition  Abstr.  4:  621,  1935. 

57.  Caussade,  L.,  and  others:  Rev.  franc,  pediat.  14:209,  1938. 

58.  Abramson  and  Oriraard:  Skand.  arch.  f.  physiol.  82:  49  1939. 

59.  Nylund,  C.  E. :  Nord.  med.  (Finska  lak.-sallsk.  handl.)  9:659 
(March  1)  1941  Simola,  P.  E.,  and  Saksela,  N.,  ibid.  9:  275  (Jan.  25) 

60.  Widenbauer,  F. :  Ernahrung  7:97,  1942.  von  Drigalski  and 

others.^ 

61.  Roy  and  Bauergee:  Ann.  Biochem.  E.xper.  Med.  1:  127  1941. 

Basu,  N.  M.,  and  De,  N.  K.:  Indian  J.  M.  Research  29 :  591  ’  (July  j 


62.  Gorter,  F.  J. :  Geneesk.  tijdschr.  v.  Nederl. -Indie  79:  1181  1939 

63.  Oldham,  Helen;  Roberts,  Lydia  J.;  MacLennan,  KathryA,  and 

Schlutz,  F.  W.:  J.  Pediat.  90:  740  (June)  1942,  j'  ,  i  u 

64.  Lewis  J.  M.,  and  Haig,  C.:  J.  Pediat.  16:285  (March)  1940. 

65.  Sandels,  Margaret  R.;  Cate,  Helen  D.;  Wilkinson,  Kathleen  P 
and  Graves,  L.  J.:  Follicular  Conjunctivitis  in  School  CJhildren  as  an 
Expression  of  Vitamin  A  Deficiency,  Amer.  J.  Dis.  Child.  62:  101  (July) 
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chai actei istic  of  which  is  a  failure  to  appropriate  or 
1  etain  calcium  in  the  bones,  which  become  soft  and 
deformed,” 

The  existence  of  rickets  has  been  demonstrated 
throughout  most  of  the  world,  varying  in  its  frequency 
and  severity  in  various  localities.  The  greatest  local 
prevalences-  were  found  in  larger  cities  where  poor 
housing,  inadequate  diets  and  limited  exposure  to  sun¬ 
shine  exists.  The  disease  has  been  reported  to  be, 
as  a  rule,  most  prevalent  in  the  north  temperate  zone 
and  least  jtrevalent  in  the  tropical  and  subtropical  areas. 

An  incidence  of  75  to  97.6  per  cent  of  children  having 
symptoms  of  rickets  has  been  reported  in  certain  areas 
of  the  .United  States,®^  in  Germany,®®  Italy,®®  Sweden.^® 
the  British  Isles  and  Egypt,'^®  in  from  25  to  75  per 
cent  of  children  in  Switzerland,'^®  in  the  United  States, 
the  British  Isles  and  Argentina,^®  among  nomad 
Laplanders,^®  in  the  cantons  of  Colmar  and  Andol- 
scheim,'^’'  in  Norway  ^®  am.  Germany  and  from  0  to 
25  per  cent  in  localities  in  China,®®  the  Panama  Canal 
Zone,®^  Puerto  Rico,®^  Palestine,®®  Uruguay,®®  Africa,®^ 
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France.®'’  Italy.®*"  Ecuador,®'  Haiti.®**  Ilonduras®"  and 
in  Peru.'-’” 

d  he  disease  in  itself  is  rarely  fatal,  but  intercurient 
infections  may  de'velop  that  are  difficult  to  contiol. 
owing  to  the  low  resistance  of  the  individual.  I  he 
Bureau  of  the  Census  for  the  United  States  lists 
rickets  as  a  cause  of  death  in  each  of  nine  years  from 
1933  through  1941  as  ranging  from  339  to  139.  In 
England  and  Wales  it  was  listed  as  the  cause  of 
death  for  eleven  years  from  1928  through  1938  as 
ranging  from  493  to  124.  There  were  554  deaths  in 
Italy  in  1937,®®  129  in  Colombo,  Ceylon,  in  1939,®"  21 
deaths  of  57  patients  with  rickets  admitted  to  all  hospi¬ 
tals  in  the  Malaya  States  in  1938®®  and  170  deaths 
of  195  patients  with  rickets  in  hospitals  in  Chile  iii 
1942.®® 

Osteomalacia. — This  is  a  nutritional  disease  of  adults 
resulting  from  deficiency  of  vitamin  D  and  the  failure 
of  utilization  of  calcium.  It  is  characterized  by  pro¬ 
nounced  softening  of  bones,  so  much  so  that  they  become 
flexible  and  cause  deformities,  especially  of  the  limbs, 
spine,  thorax  and  pelvis.  It  is  attended  by  the  rheu¬ 
matic  type  of  pain  and  general  weakness.  Although 
it  is  occasionally  seen  in  men  it  is  most  often  encoun¬ 
tered  in  women,  especially  among  those  who  are 
pregnant. 

Although  osteomalacia  has  become  an  exceptional  dis¬ 
order  among  peoples  living  under  modern  civilizations, 
there  are  still  large  areas  where  it  constitutes  a  medical 
problem.  It  was  reported  to  be  widely  distributed  in 
India,®^  in  the  province  of  Shansi,  China,®®  in  the  prov¬ 
ince  of  Toyama,  Japan,®®  and  in  an  isolated  district  of 
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Bosnia,’""  where  3,310  cases  were  seen  in  the  twelve 
years  previous  to  1910.  1  he  disease  is  most  frequently 
found  in  India  ainong  women  of  the  upper  and  middle 
classes  who  practice  seclusion  or  purdah  after  marriage. 
It  is  seldom  found  among  the  lower  classes  who  have 
to  work  outdoors. 

1  his  disease  and  rickets  have  the  same  etiologic 
factors,  viz.  vitamin  D  deficiency  and  disturbance  of 
calcium  metabolism ;  also  no  sharp  distinction  can  l)e 
drawn  between  late  or  adult  rickets  and  osteomalacia. 
It  has  been  reported’"’  that  among  1,000  children  of 
well-to-do  ])arents  whose  mothers  observe  purdah  25 
per  cent  had  rickets,  whereas  among  2,300  children  of 
low  caste  Hindus  only  about  5  per  cent  were  affected. 

,  “War  Osteopathy,”  or  “Hunger  Osteomalacia.” — A 
nutritional  disorder  which  was  generally  termed  “war 
osteopathy”  or  “hunger  osteomalacia”  made  its  appear¬ 
ance  among  the  peoples  ot  central  Europe  shortly  after 
W'orld  War  I.  It  was  common  in  Austria,  Germany 
and  Poland,  d'his  disorder  was  characterized  by  pains 
in  the  back,  groins  and  legs,  by  a  somewhat  character¬ 
istic  gait,  by  difficulty  in  climbing  stairs  and  by  some 
tenderness  of  the  bones.  The  age  and  sex  distribution 
was  peculiar.  Beninde  ’"-  stated  that  there  was  pro¬ 
nounced  susceptibility  of  adolescents,  mainly  males; 
almost  no  cases  occurred  between  the  ages  of  20  and 
35,  whereas  the  high  incidence  was  in  the  period  fiom 
40  to  60  years,  confined  almost  entirely  to  women. 
1  less  ’"®  states  that  the  condition  “developed  to  a  degree 
and  extent  such  as  had  never  been  experienced  in 
the  history  of  medicine.  Marked  deformities  of  the 
spine  and  the  extremities,  multiple  fractures,  and  func¬ 
tional  disabilities  by  the  thousand,  were  observed 
tliroughout  the  land.”  He  reasons  that  from  the  very 
close  resemblance  between  this  condition  and  the  classic 
osteomalacia  it  would  seem  of  advantage  to  class  them 
as  one  and  the  same  disorder. 


Tetany. — This  is  a  syndrome  manifested  by  sharp 
flexion  of  the  wrists  and  ankle  joints,  muscle  twitchings, 
cramjis  and  convulsions.  Tt  is  due  to  abnormal  calcium 
and  phosphorus  metabolism.  It  may  be  associated  with 


100.  Januszewska, 

101.  Huchison,  II. 

102.  Beninde,  M.; 
1920. 

103.  Hess,  A.  F. : 
&  Febiger,  1929. 


Wien.  klin.  therap.  Wchnschr.  17 :  503,  1910. 
and  Shah,  S.  J.:  Quart.  J_.  Med.  15:  167  1922. 
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several  conditions,  hut  consideration  here  is  given  only 
to  its  association  with  vitamin  D  deficiency  in  relation 
to  rickets  and  osteomalacia.  As  in  rickets,  the  peak 
of  the  incidence  of  tetany  is  in  late  winter  and  early 
‘spring.^®^ 

Tetany  has  often  been  noted  in  cases  of  rickets  and 
osteomalacia.  In  one  report  it  was  recoided  that 
one  fifth  of  the  cases  of  rickets  and  one  third  of  their 
cases  of  osteomalacia  showed  signs  of  tetany.  In  another 


Table  4. — Deaths  from  Rickets 


Number  of 

.Area  Reported 

Year 

Deaths 

References 

1933 

339 

1934 

292 

1935 

261 

1936 

270 

United  States . 

1937 

235 

iU.  S.  Bureau  of  the  Census 

1938 

244 

1939 

143 

1940 

161 

1941 

139 

1928 

493 

1929 

416 

1930 

316 

1931 

461 

1932 

301 

Register  General  Statistical 

England  and  Wales. ...h 

1933 

213 

■Review  of  England  and 

1934 

180 

Wales  for  19.38 

1935 

159 

1936 

148 

1937 

158 

19.38 

124 

Italy . 

1937 

5.54 

Statistica,  1937 

Malaya  States . 

1939 

129 

de  Pinto 

Colombo,  Ceylon . 

1938 

21  of  57 

Straits  Settlements  report 

hospitalized 

Chile . 

1942 

170  of  195 

.Alimentaeion  in  Chile 

hospitalized 

report  it  was  stated  that  30  of  63  i)atients  with 
rickets  had  tetany,  while  in  another  it  was  noted 
that  tetany  occurred  in  338  of  3,510  cases  of  osteoma¬ 
lacia  seen  in  Bosnia. 

Tetany  in  lickets  may  he  the  immediate  cause  of 
death.  This  comes  about  either  by  the  result  of  heart 
failure  following  spastic  contraction  of  the  heart  muscle 
or  by  respiratory  failure  of  cerebral  origin.  Happily 


104.  Kassowitz,  M.;  Praktische  Kinderheilkunde,  Berlin 

910  Frankl-Hochwart,  L. :  Die  Tetanie  der  Erwachsene 
Haetder,  1907.  Japha,  A.:  Arch.  f.  Kinderh.  43:66  1905 

1924^'  Stapleton,  G.:  Brit.  J.  Dis.  Chi 

106.  Stapleton,  G.:  Lancet  1  :  1119,  1925. 


Springer, 

Vienna, 

21 :  18, 
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this  result  is  infrequent,  as  there  are  many  tlierapeulic 
ineasures  available  for  rapidly  controlling  the  convul¬ 
sive  seizures.  Some  cases,  however,  resist  all  measures. 

Reports  in  recent  years  on  incidence  of  tetany  in 
various  localities  are  limited  as  a  rule  to  individual 
case  reports.  Snelling  and  Brown  reported  32  cases 
in  1928  and  28  in  1935  at  the  Hospital  for  Sick  Children 
in  Toronto,  Canada.  Hennig  observed  79  cases  of 
manifest  tetany  in  central  Europe  from  1933  to  1937. 


VITAMIN  (thiamine)  DEFICIENCY 

Vitamin  (thiamine)  deficiency  has  been  known 
since  antiquity  by  many  synonyms :  polyneuritis  endem- 
ica,  barbiers  (France),  loempoe  (Java),  kakke  (japan 
and  China),  taon  (Philippines),  maladie  des  sucreries 
(French  Antilles),  hinchazon  (Cuba),  michasas  or 
l)ernieras  (Brazil),  maladie  des  jambes  (Louisiana).^®'’ 
The  classic  type  of  beriberi  is  characterized  by  symp¬ 
toms  due  to  damage  of  the  nervous  and  cardiovascular 
systems  and  produces  neuritis  and  heart  failure.  In 
the  so-called  “dry”  type  of  the  disease  the  nervous 
manifestations  are  the  predominant  symptoms,  and  in 
the  “wet”  type  the  edema  of  heart  failure  is  the  more 
striking  sign.  Various  combinations  may  exist.  The 
neuritic  form  is  seen  most  commonly  in  the  United 
States  except  in  some  areas  of  Louisiana,  where 
classic  beriberi  occurs.^^^  Infantile  beriberi  occurs  in 
breast  fed  infants  of  mothers  with  the  disease. 

Geographically  the  disease  is  widespread,  occurring 
endemically  or  sporadically  in  all  parts  of  the  world. 
The  classic  form  is  common  in  Asia  and  Australasia. 
It  occurs  with  less  frequency  in  Africa,  South  and 
Central  America,  Europe  and  the  United  States 
(table  5).  In  the  latter  country  about  20  per  cent 
of  chronic  alcoholic  addicts  have  neuritic  manifestations 
of  the  disease.^^”  Infantile  beriberi  has  a  death  rate  of 
over  90  per  cent  and  is  a  chief  cause  of  infant  death 

in  the  Far  East.^^  


107.  Snelling,  C.  E.,  and  Brown,  Alan:  J.  Pediat.  10:167  (Feb.) 

'^ins  HpnniV  F  •  Ztschr.  f.  Kinderh.  61:  379,  1939.  _ 

IS9:  WiSs,  R.  R..  and  Spies  T.  D.:  Vitamin  BMTh.am.ne)  and 

Its  Use  in  Medicine,  New  York,  Macmillan  Co  P  des 

110.  Scott,  L.  C.,  and  Herrmann,  G.  R.:  ,  Benben  (  Aialadie  aes 

Jambes”)  in  Louisiana,  J.  A.  M.  A.  90:  2083  Uni  1.74  (Tune) 

111.  Jolliffe,  Norman:  Quart.  J.  Studies  on  Alcohol  1.74  (June) 


'^112.  Beckman,  Harry:  Treatment  in  General  Practice,  Philadelphia, 
W.  B.  Saunders  Company,  1930. 
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NICOTINIC  ACID  DEFICIENCY  (pELLAGRA) 

Deficiency  in  niacin  (nicotinic  acid)  or  closely  related 
substances  results  in  the  disease  pellagra.  The  most 
prominent  symptoms  of  pellagra  are  stomatitis,  derma¬ 
titis,  mental  changes,  gastrointestinal  upsets  and  weak¬ 
ness.  Pellagra  occurs  most  commonly  in  people  of  poor 
economic  status  because  of  the  greater  food  restrictions 
in  this  group.  In  the  United  States  most  of  the  cases 
occur  in  the  Southeastern  states  in  the  spring  and  early 
summer. 

From  1933  to  1940  the  annual  death  rates  from  pel¬ 
lagra  in  thirteen  states  of  the  Southeastern  United 
States  varied  between  5.1  to  22.4  per  hundred  thousand 
of  population.”®  In  1941,  four  years  after  the  discovery 
that  nicotinic  acid  was  the  pellagra  preventive  vitamin, 
1,868  deaths  were  reported  from  pellagra  in  the  United 
States.”^  Many  other  reports  offer  strong  evidence 
that  pellagra  remains  prevalent  in  the  United  States. 
Bean,  Spies  and  Blankenhorn  estimate  that  1  to 
2  per  cent  of  all  admissions  to  the  medical  services  of 
the  Lakeside  Hospital,  Cleveland,  and  the  Cincinnati 
General  Hospital  were  due  to  pellagra.  Goldsmith 
found  evidence  of  pellagra  in  17  per  cent  of  200  con¬ 
secutive  admissions  to  the  medical  services  of  the  Char¬ 
ity  Hospital,  New  Orleans.  Many  other  reports  of 
cases  of  pellagra  both  within  and  without  the  endemic 
areas  in  the  United  States  are  summarized  in  table  6. 

Outside  the  United  States  the  great  endemic  areas 
appear  to  be  Egypt,  Rumania,  Bulgaria  and  many  parts 
of  Africa.  Ellinger,  Hassan  and  Taha  found  that 
34.3  per  cent  of  204  people  examined  in  lower  Egypt 
had  signs  of  pellagra ;  Clark  states  that  201  cases 
were  admitted  to  the  dermatologic  service  of  the  Alex¬ 
andria  Hospital  in  1931-1933  and  that  the  incidence  at 
the  Cairo  General  Hospital  was  3  to  24  cases  per  thou¬ 
sand  admissions  to  the  medical  services.  In  1918, 
70,000  cases  were  said  to  exist  in  Rumania,”®  and  in 


113.  De  Kleine,  William:  South.  M.  J.  35:  992  (Nov.)  1942-  Am  T 

Pub.  Health  37:  595  (June)  1937.  k  j  j. 

114.  Division  of  Sanitary  Reports  and  Statistics,  U.  S.  Public  Health 
Service,  personal  communication  to  the  author. 

115.  Bean,  W.  B.;  Spies,  T.  D.,  and  Blankenhorn,  Marion  A  •  The 
JncMenw  of  Pellagra  in  Ohio  Hospitals,  J.  A.  M.  A.  118:  1176“(April 

116.  Goldsmith,  Grace  A.:  South.  M.  J.  36:  108  (Feb)  1943 

(S^?;  3=755 

118.  Clark,  Alfred:  J.  Trop.  Med.  &  Hyg.  40:221  (Oct  n  1037 

119.  Stannus,  H.  S.;  Trop.  Dis.  Bull.  33:729  (Oct.)  1936.^ 


ABLE  5. — Reports  of  Vitamin  Bi  (Thiamine)  Deficiency 
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ir.  11.  SEBRELL 


1934  the  death  rate  in  Rumania  is  given  as  11.8  per 
hundred  thousand  of  population. The  data  on  Bul¬ 
garia  are  not  so  definite,  hut  Molov  believes  that 
pellagra  is  the  most  common  avitaminosis  in  that  coun¬ 
try.  Trowell  states  that  pellagra  is  endemic  among 
the  children  in  certain  tribes  on  the  east  and  west  coasts 
and  in  Central  Africa.  Nauck  makes  the  astonishing 
estimate  that  in  Transcaucasia  in  1933  there  were 
30,000  to  50,000  pellagrins  in  a  population  of  1,300,000. 
or  a  case  incidence  of  23  to  38  per  cent.  Alessandri 
and  his  collaborators  estimated  the  number  of  cases 
in  Chile  in  1942  to  be  3,000.  Smaller  numbers  of  cases 
have  been  reported  from  India,^-®  Russia,^-®  China.’-' 
Japan,’-®  South  America.’-®  and  many  of  the  British 
colonies.”®  Exclusive  of  Spain,  Italy  and  the  Balkans, 
the  disease  seems  to  be  only  sporadic  in  Europe. 

ARIBOFLAVINOSIS 

Arihoflavinosis  is  a  disease  due  to  deficiency  of  the 
water  soluble  vitamin  riboflavin.  It  is  characterized 
by  the  development  of  cracks  in  the  skin  at  the  corners 
of  the  mouth  (cheilosis),  a  greasy  eruption  of  the  skin, 
changes  in  the  tongue  and  keratitis,  caused  by  an  inva¬ 
sion  of  the  cornea  by  blood  vessels. 

Because  of  the  recent  description  of  the  disease, 
information  on  its  incidence  is  relatively  scanty.  In 
1938  the  Odens  and  Sehrell  ’®®  felt  that  the  disease 


120.  Jonesco-Mihaiesti,  C.;  Cuica,  A.,  and  Cuica,  M.:  Arch.  Rou- 
inaines  de  path,  exper.  et  microbiol.  8:  422,  1932. 

121.  IVtolov,  V.;  Lijecn  Vjern.  59:  397,  1937;  abstr.  Zentralbl.  f.  d. 
ges.  Hyg.  41:  409,  1938. 

122.  Troweli,  H.  C. :  Arch.  Dis.  Childhood  13:193  (Aug.)  1937. 

123.  Nauck,  E.  Ci.:  Reihefte  z.  Arch.  f.  Schiffs-  u.  Tropen-Hyg.  37: 
85  1933. 

124.  Alessandri.  11.;  Garcia  Palazuelos,  P.,  and  Lerner,  M.  J.:  Rev. 
argent,  d.  Dermatosif.  20:25,  1942. 

125.  Aykroyd,  W.  R.:  Bull.  OIT.  internat.  d.  hyg.  pub.  29:2388, 
1939  Batra,  B.  L. :  Indian  M.  Gaz.  77:269  (May)  1942.  Carruthers, 
L  B:  Tr.  Soc.  Roy.  Med.  &  Hyg.  35:21,  1941.  Raman,  T.  K.: 
Indian  T.  M.  Research  27:743  (Jan.)  1940.  Ahmed,  N.:  Indian  M. 
Gaz  77:  140  (March)  1942.  Sen  Gupta,  P.  C.;  Rai  Chaudhun,  M.  N.; 
Cha'udhuri,  R.  N.,  and  Napier,  L.  E.,  ibid.  74:  143  (March)  1939. 
Ahmed,  N.:  J.  Indian  M.  A.  13:1  (Oct.)  1942.  Goodall.  J.  W.  D.: 
Indian  M.  Gaz.  75:147  (March)  1940.  Napier,  L.  E.,  ibid.  74:137, 
1939 

12'6.  Wyjasnowsky,  J.:  Arch.  f.  Schiffs-  u  Tropen-Hyg.  38 :  31,  1934. 

127.  Yang,  C.  S.,  and  Huuang,  K.  K.:  Chinese  M.  J.  48:701,  1934. 

Yu,  K.  Y.,®ibid.  48:724  (Aug.)  1934.  NVilson,  R.  M.,  ibid.  39  :  661, 
1926.  Morris,  H.  H.;  Hwang,  M.  S.,  and  Kuo,  P.  T.,  ibid.  57:427, 
1941.  Urabe,  K.:  Jap.  J.  Dermat.  m  Urol.  47:2,  1940.  . 

128.  Itoh,  N.-  Far  East.  Assn.  Trop.  Med.,  Tr.  6th  Biennial  Cong. 

Tokyo  1  :  315,  1925.  ,  .  j  j 

129.  Da  Costa,  V.  F..  and  Castro,  M.:  Rev.  Assoc,  paulista  de  med. 
11  :  363,  1937.  Bielltreich,  R.  A.:  Rev.  med.  latino-am.  26:  351,  1941. 
Alessandri,  Garcia  Palazuelos  and  Lerner. 
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nli^^hl  l)e  comnion  in  the  southern  United  States.  Spies, 
Bean,  Vilter  and  Huff'"'  believe  it  to  be  the  most 
common  deficiency  disease  in  the  United  States.  ^ 
smith'""  found  an  incidence  of  34  per  cent  in  zOU 
consecutive  admissions  to  the  medical  services  of  Charity 
Hospital,  New  Orleans.  Wiehl  and  Kruse "  found  that 
75.8  per  cent  of  pupils  in  a  school  in  the  Kast  Side  of 
New  York  City  had  signs  of  mild  riboflavin  deficiency, 
as  did  34.4  per  cent  of  a  group  of  143  WPA  employees. 
Kruse’s  figures  must  be  interpreted  with  care,  since 
the  diagnoses  were  made  entirely  on  the  changes  found 
in  the  eyes,  which  by  themselves  are  not  specific  of 
riboflavin  deficiency.  Nevertheless  the  reports  cited  phis 
additional  ones  cited  in  table  7  warrant  the  conclusion 
that  the  disease  occurs  in  many  parts  of  the  United 
States  and  is  very  prevalent  in  the  South. 

Reports  from  other  parts  of  the  world  are  even 
more  fragmentary  than  those  from  the  United  States. 
The  disease  has  been  reported  in  England  '""  and  is 
probably  widespread  in  India,'"'  China,'""  Malaya '"® 
and  Africa.'"’’ 

VITAMIN  C  DEFICIENCY 

Scurvy  is  a  metabolic  disease  resulting  from  a  defi¬ 
ciency  of  vitamin  C  and  characterized  by  a  general 
debility,  progressive  anemia,  a  hemorrhagic  tendency 
and  skeletal  changes  of  infants  and  children  as  the  result 
of  arrestment  of  bone  development  and  hemorrhage. 

The  disease  is  of  worldwide  occurrence.  Case  studies 
and  group  surveys  have  been  reported  from  Africa,'"" 
China,'"*'  Australia  and  its  territories,'"  Malaya,"" 

131.  Spies,  T.  D.;  Bean,  W.  B.;  Vilter,  R.  W.,  and  Huff,  W.  E. : 
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Table  7. — Incidence  of  Riboflat’in  Deficiency 


S 

S 

5 

a 

c3 


a 

(4-1  ^ 


B 

CQ 

B 

w 

•V 


QQ  S 

OQ  5 

=  •§•2 

*S  S  *OQ 

«i  _0 

O 

o3  _  o 
.B'^ 

B  TJ 
33  :3  93 
C5  JZ 


Qj 

> 

73 

£5 

■o 

c 


ec 

H 

H 

<i 

a 


Oi 

Si 


M  QS 
-  s} 


O  33  05 

tH  CO 
£i  .05 

O  C 
CO  >- 

'0!i<  w 

a  .. 

oi  • . 

g  Cl 

2  • 

Osc-a 

O 

^  33  5? 

;= 

r-i  *-5 


5i-2<i 

O  . 

.. 

r(  O  . 

^  ^  • 

1-^ 

<D  «  a; 

^  ..-a 

T  CO  <5 
'B 

a--  r 

s”  . 

CW  K 

7*^’  !rr 


a> 

£l 


CO 

O 

a 

*> 

93 

93 

O 

X5 


Vj  j- 

3.0 

03 

2® 

S  ^ 

CS 

S  CO 

•  c 

>..3i 

C  -M 

3  5 

zj  C- 

o  o  •  • 

co’^O 

03 

S  .-03 


O) 

>» 

<1> 


CO 

c9 


sw 


t-- 


§^(N 

qj  •• 

'5  ^  ^ 

O  gH 

®  *2  «d 

■0X5" 

V 

..9(ii. 


>1 

O 

0^ 


'O 

B 

93 


mSl 

O 

O 

-  K 

33 

2^2 

.o  •  -  :3 

^|p. 

•  ^  9.' 


-  i>.Ph  « 


B 

.i 

CB 

0) 

t; 

B 

C 

c 


o 

£ 


CO  a 

Op 


0) 
eo  j- 


•£  O 


t:<  •: 

o 

5-:^ 

CO  >• 

^  i 

‘5. 


3  . 

S  Jji-s 

o  " 

®  M 

-  4.tjO 

..  aj  a 

^  CO  o  ^ 

^*E  ^ 

:o  a? 


is 


^  c 

S'  .'^  s 

S 

£  « 
q>  .  O 
-44  c,C3 

.5  cT  tio 

>'C  K  cc 

c 

o 

£  'O  93 
M  >>  9^  a> 

com  22 
£..2 
■  jii  Ui  a 

ieR  3  o 
g  RrsR 
a  ® 
c 


a 


2W"«c 
§.  ••^-  6 
MW  g 

£  3  a  .2  ^ 
M  iS 


O 

a 

> 

93 

<B 

o 

43 

'C 

93 


B 

CB 


£ 

CO 

2 

2 

o 


B 

2 

*s 

B 


CO 
CO  a> 
CP  CO 
CO  33 
S  C4 


lO 


CB 

O) 

73 


> 

D 

s 


B 

c 


'C 

B 

03 


B 

73 


•c  a 

o  ^ 

2  *i? 

o 


g33  fl 
•B  D.  ^ 
•M  CO  'o 

B  Oca 

rn  w 


<o 

_  o  >>0- 

„g§:£>- 

■  a  3  p  'E 

p  3  ® 

=  —  O  o 


?  °' 
"sS 

o  00 

55^ 


o3 

C; 


CC  Ci  G^ 


CO 

C3 


M 

CP 

CO 

7i 

V 


B.  a  c 

B  •' 

^  93  o 

0£Qj 

m  CO  CO  fl> 

g^’^'2  R 

OS'S 
>  > 
£’3  ® 

o  a  c  V  ^  ^ 

<n  ®  o 

“gg”-  "2 


‘'t  B 

-ti  qp 

e 

.£« 

CP 

ff  1 


CP 


'O  . 


o 

B. 

C9 

U) 

a 


«B 

'S 


> 

93 

B3 

O 

jQ 


'B 

a 

o 

B. 


93 

U 

ia 


o 

2o 

>» 

c 

O) 


;=:  > 
CP  o 

CO*— 
t-t  lx 

ss 


4= 

00 

3 

O 

5:;  ^ 

o  CP 

jb  a 

^  qp 
a  *S 


"  oc 
o 


eo  CO  CO  S  £ 
O'  qp  qp  45  o 

CO  CO  CO  S3  X 
«  93  93  g-g 
^  CP  c  J  O 

Im  “ 

-HCOO^^ 

lO 


B 

CP 

'V 

B 

> 

93 

a 

o 

4B 


•c 

oe 


bo 

3 


O 


£43 


S.Z 

«  2 

CQ  C 

*3  « 

CJB 


•o 

a 

03  _ 

_  05  Oi 
a  CO  pH 
CP  05  ^ 

p  o 
'SrH 

O  ^ 
CP  o 

o;^ 


05 

o 

05 

CO 

o 

O 

CO 

05 

05 

•H< 

05 

pH 

pH 

05 

05 

pH 

* 

- 

f~4  1 

l-X 

a 

a 

a 

s 

e 

93 

a 

*50 

a 

a 

*50 

'So 

lx 

43 

X> 

lx 

O 

a 

a 

O 

o 

4/ 

OP 

o 


o 


CP 


a 

05 

O 


CP 

>5 


CD  o<  (N  i: 
CO  ^ 

05  05  05  - 

pH  pH  pH  CC 

-  -K  •  >» 

93  oS  03  S3 


'O’d 

a  a 


pH 

08* 

a 

2 

:j 


05 

05  O 
pH  ^ 

«  o 

030 

og 

2  *5i 

oTip 

aw 

08  08 
JU  « 
M 

•*X  (prf 
<< 


a 

a 

li2) 

a 


Table  8. — Reports  of  Vitamin  C  Deficiency 
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the  Philippines, Czechoslovakia.'""  France.""  Nor¬ 
way, Rumania."'  Spain,"*  Switzerland,""*  the  Faroe 
Islands,""*  Greenland,"""  the  United  States and 
South  America."""  The  endemic  or  epidemic  propor¬ 
tions  of  the  disease  depend  on  many  factors.  In  1932 
a  report  from  Rhodesia  """  revealed  that  80  per  cent 
of  10,000  natives  studied  had  clinical  evidence  of 
scurvy.  1  he  crowded  housing,  increased  incidence  of 
infectious  diseases,  chronic  fatigue  and  native  customs 
of  preparation  of  food  were  attributed  as  causative 
factors.  In  several  studies  where  the  incidence  reported 
has  been  based  on  the  demonstration  of  low  blood 
vitamin  C  levels,  in  selected  groups,  the  prevalence 
of  hypo-vitamin  C  appears  alarming.  During  the  winter 
(jf  1937-1938  among  school  children  studied  in  Lau¬ 
sanne,  France,"""  90  per  cent  had  low  blood  levels.  A 
group  of  school  children  studied  during  the  winter  of 
1941  in  Bucharest.  Rumania,""'  revealed  low  blood 
levels  in  90  per  cent.  The  authors  independently 
attribute  this  high  incidence  to  the  inadequacy  of  the 
winter  diet  to  furnish  vitamin  C.  Among  500  children 
seen  in  a  pediatric  clinic  in  Tennessee  in  1940,  50  per 
cent  had  low  blood  levels  for  vitamin  C."""  A  study 
among  hospital  cases  in  Uruguay  """  in  1939  revealed 
an  incidence  of  15.5  per  cent  among  the  civilian  popu¬ 
lation  and  3.4  per  cent  among  the  soldiers.  In  1940 
among  a  group  of  94  Swiss  soldiers  ""'  whose  enlist¬ 
ment  period  was  in  excess  of  nine  months.  57  per  ceni 
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ference  on  Nutrition,  Geneva,  1937. 

144.  Charvat,  J. :  Bull.  Office  internal,  d’hyg.  pub.  30:591  (March) 
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J.  Nutrition  24:557  (June)  1942. 
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had  blood  determinations  at  deliciency  levels,  w^nle 
among  a  group  of  100  civilians  studied  m  194i, 
38  per  cent  demonstrated  low  blood  levels. 

Less  alarming  figures  have  been  reported  from  simi¬ 
lar  surveys,  utilizing  blood  level  determination,  among 
selected  groups.  In  Prague,^^^  in  1939,  10  per  cent 
of  180  school  children  between  the  ages  of  12  and  20 
years  liad  low  lilood  levels.  In  New  Yoik  City,  in 
1941,  6.7  per  cent  of  a  selected  group  were  deficient.  In 
South  Carolina,'®^  in  1942,  1.5  per  cent  of  400  people 
studied  in  a  mill  village  were  also  demonstrated  to  have 
low  blood  vitamin  C  levels.  In  England,^®^  comparative 
studies  done  in  1939  and  1942  among  selected  school 
children  and  medical  students  revealed  'hio  significant 
incidence  of  scurvy”  and  no  increase  in  the  occurrence 
rate  since  the  onset  of  World  War  II,  although  the 
determined  blood  levels  were  on  the  average  lower  for 
the  latter  study  period. 

In  summary  it  would  appear  that  vitamin  C  defi¬ 
ciency  is  of  worldwide  occurrence  in  significant  num¬ 
bers  of  people.  Although  low  blood  levels  of  vitamin  C 
may  and  do  occur  without  evident  manifestations  of 
scurvy,  this  finding  indicates  at  least  an  intake  of  vita¬ 
min  C  below  that  necessary  to  maintain  the  individual’s 
body  reserves  at  the  highest  level. 


VITAMIN  K 

Vitamin  K  deficiency  manifests  itself  as  a  tendency 
to  hemorrhage,  brought  about  by  a  lowered  prothrom¬ 
bin  level  of  the  blood.  It  is  believed  that  the  normal 
human  adult  can  dispense  with  this  vitamin  in  the  diet 
because  of  synthesis  by  bacteria  in  the  intestine.  It 
follows  and  is  supported  by  clinical  findings  that  K 
avitaminoses  will  be  found  only  in  the  newborn  before 
the  bacterial  flora  has  become  established  and  in  adults 
when  there  is  interference  with  fat  absorption. 

A  tendency  to  hemorrhage  is  not  a  proof  of  vitamin  K 
deficiency,  but  it  has  become  well  established  that  this 
vitamin  is  of  value  in  preventing  hemorrhagic  disease 
of  the  newborn  and  the  bleeding  of  obstructive  jaundice 
and  a  number  of  other  conditions. 


158.  Barrelet,  P. :  Schweiz,  nied.  Wchnschr.  72:796  (July  18)  194'’ 

159.  Bytch,  L.:  Rev.  Iran?,  de  pcdiat.  15:  188,  1939 

^^160.  Croft.  J.  D.,  and  Snorf,  L.  D.:  Am.  J.  M.  Sc.  198  :  403  (Sept.) 

Wormall,  A.:  Lancet  !•  647  IMav  tnt 
1942.  Harris,  L.  J.,  ibid.  1:  642  (May  30)  1942.  ^  ^ 


Area,  Incidence  or 

Year  Condition  Number  of  Cases  Comment  References 

United  States  Hemorrhagic  disease  Untreated,  11  of  25;  .  Pray,  L.  G.;  McKeown,  H.  S.,  and  Pollard,  W.  E.:  Am. 

1911  of  newborn  K  to  mother  during  J.  Obst.  &  Gynec.  42 ;  836,  1941 
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Most  cases  of.  h}poprothroinbineniia  except  those 
which  are  due  to  liver  damage  have  been  found  to 
respond  to  vitamin  K. 

Avitaminosis  K  appears  to  have  been  studied  most 
extensively  in  the  United  States,  in  Denmark  and  in 
the  British  Isles.  Very  little  information  is  available 
from  other  sections  of  the  world.  By  far  the  highest 
incidence  is  in  the  newborn ;  other  cases  are  negligible 
in  comparison.  Estimates  of  prothrombin  deficiency 
in  very  young  infants  range  as  high  as  60  per  cent,^®’^ 
and  an  incidence  of  retinal  hemorrhage  as  high  as  ?5 
per  cent  has  been  observed. 


NUTRITION.\L  ANEMIA 


The  term  “nutritional  anemia”  is  restricted  to  the 
anemia  resulting  from  insufficient  dietary  intake  of 
iron.  Anemias  indirectly  arising  from  other  nutritional 
deficiency  such  as  that  which  accompanies  scurvy,  pel¬ 
lagra  or  hypoproteinemia  are  not  included  here. 

Nutritional  anemia  cannot  be  regarded  as  a  clearly 
defined  clinical  entity.  Standards  of  optimal  hemo¬ 
globin  concentration  and  optimal  red  blood  cell  count 
for  persons  of  each  age,  sex  or  race  are  not  generally 
agreed  on.®  Moreover,  certain  normal  physiologic 
functions  such  as  pregnancy,  pubescence,  catamenia  and 
the  menopause  materially  alter  the  blood  picture  in 
so  complex  a  manner  that  the  definition  of  the  norm 
for  these  special  states  is  uncertain.^®-  The  situation 
is  further  complicated  by  the  fact  that  other  causes 
of  anemia  such  as  chronic  latent  hlood  loss,  local  infec¬ 
tion  or  tuberculosis  may  be  readily  overlooked  in  large 


scale  investigations. 

The  clinical  features  of  nutritional  anemia  are  like¬ 
wise  not  very  clearcut.  The  dietary  history  affords  the 
most  pertinent  positive  information.  In  evaluating  the 
dietary  history,  local  variations  in  the  iron  content  of 
foods  must  be  kept  in  mind.  The  symptoms  are 
somewhat  generalized  and  include  lack  of  energy,  head¬ 
ache,  vertigo,  dyspnea  and  palpitations.  In  children, 
behavior  -difficulties  such  as  failure  to  concentrate  and 


161a.  Waddell,  W.  W.,  Jr.,  and  Lawson,  G.  M.:  Hemorrhagic  Diathesis 
of  the  Newborn,  J.  A.  M.  A.  115:  1416  (Oct.  26)  194  .  t,  .  t?  ,  - 

161b.  Maumenee,  A.  E. ;  Heilman,  L.  M..  and  '  r'ii  Johns 

Influencing  Plasma  Prothrombin  in  the  Newborn  Infant,  Bull.  Johns 

Hopkins  Hosp.  68:158  (Feb.)  1941.  ,  ct,  ,  Mr-  The 

162.  Jolliffe,  Norman;  McLester,  J.  S.,  1  Tq47  ^ 

Prevalence  of  Malnutrition,  J.  A.  M.  A.  118:  944  (March  21)  194?. 
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l)hysical  indolence  are  observed.  The  condition  is 
commonly  accompanied  by  no  distinct  symptoms  what¬ 
ever. 

Physical  findings  include  pallor,  loss  of  skin  turgor, 
suboptimal  weight  and  reduced  muscle  tone.  In 
advanced  cases  a  soft  apical  systolic  murmur  may  be 
heard  and  the  pulse  is  rapid  and  of  poor  quality. 

Most  often,  however,  the  diagnosis  rests  solely  on 
laboratory  findings.  Reznikoft  states  that,  hemato- 
logically,  the  striking  features  of  iron  deficiency  from 
any  cause  are  the  relatively  marked  decrease  of  hemo¬ 
globin  compared  to  the  red  blood  cell  reduction  and 
the  small  size  of  the  cells,  giving  a  low  volume  index, 
usually  less  than  0.75.” 

Recent  studies  have  been  concerned  both  with  the 
development  of  adequate  diagnostic  standards  and  with 
the  determination  of  the  prevalence  and  distribution 
of  the  deficiency.  Despite  numerous  fairly  elaborate 
studies,  only  a  beginning  has  been  made.  In  table  10 
[here  have  been  summarized  those  studies  of  the  past 
decade  which  afford  epidemiologic  data  concerning 
nutritional  anemia.  The  groups  studied  vary  widely 
and  include  preschool  children,  school  children,  preg¬ 
nant  women  and  general  populations.  Standards  for 
the  determination  of  deficiency  are  frequently  not  stated 
and  the  stated  standards  vary  widely  from  survey  to 
survey.  Moreover,  the  inherent  error  in  the  several 
laboratory  procedures  employed  in  the  respective  sur¬ 
veys  is  not  at  all  comparable,  although  in  all  instances 
it  is  admittedly  great.  For  these  reasons  each  of  the 
recorded  studies  must  be  regarded  as  a  distinct  source 
of  information  bearing  on  the  special  group,  and  no 
general  statistical  summary  is  warranted. 

Disregarding  these  limitations,  we  may  observe  from 
isolated  studies  that  at  least  in  certain  communities 
nutritional  anemia  should  be  given  close  consideration. 
Thus,  about  50  per  cent  of  2,400  children  studied  in 
Pennsylvania  in  1939  were  anemic.  In  Michigan  26.6 
per  cent  of  158  pregnant  women  were  found  anemic, 
and  in  Boston  16  per  cent  of  adults  studied  were  ane¬ 
mic.  In  New  York  City  72  per  cent  of  325  pregnant 
women  were  anemic.  In  Florida  in  1939  more  than 


S.  Christian,  editor,  New 


163.  Osier’s  Textbook  of  Medicine  ed  14  H 
York,  D.  Appleton  &  Co.,  1942. 

164.  Cecil,  R.  L. :  A  Textbook  of  Medicine,  ed.  5,  Philadelnhia  W  p 

Saunders  Company,  1942,  p.  1071.  ^  miaaeipnia,  W.  p. 
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rO  per  cent  of  620  school  children  were  found  to  have 
snhnornial  hemoglobin.  In  Scotland,  in  1939,  32  per 
cent  of  children  and  45  per  cent  of  adults  examined 
were  anemic,  and  in  Madrid,  Spain,  in  1941,  16  to 
18  per  cent  of  561  persons  had  low  hemoglobin 
(table  10). 

Accordingly,  Jolliffe,  McLester  and  Sherman  state 
that  combining  such  data  indicates  “anemia  in  from 
1.5  to  85  per  cent  of  children,  3.6  to  30  per  cent  of 
adults  and  9  to  72  per  cent  in  pregnancy.”  Obviously 
the  wide  range  of  these  estimates  indicates  that  they 
are  not  particularly  informative  of  the  actual  occur¬ 
rence  of  nutritional  anemia  in  the  world  population. 

Such  diverse  and  yet  limited  information  affords 
too  spotty  a  view  of  the  character  and  scope  of  the 
problem  of  nutritional  anemia  to  constitute  a  basis 
for  sound  public  health  practice.  Nevertheless  it  is 
clear  that  where  the  condition  has  been  searched  for 
many  cases  have  been  found.  In  all  probability  nutri¬ 
tional  anemia  is  of  widespread,  worldwide  occurrence, 
and  further  extensive  observations  should  be  carried 
out  in  order  to  set  up  suitable  public  health  and  dietaary 
practices  to  prevent  this  condition. 


the  problem  of  adequate  nutrition 


International  attention  was  first  given  to  nutrition 
and  health  by  the  League  of  Nations  beginning  in 
1925  and  culminating  in  the  reports  of  the  Technical 
Commission  on  Nutrition  and  the  Mixed  Committee 
on  Nutrition  in  1937.^®®  It  is  obvious  that  as  measured 
by  any  modern  standard  of  adequate  nutrition  much  of 
the  world’s  population  is  subsisting  on  inadequate  food. 
In  terms  of  adequate  food  for  every  one,  no  food  sur¬ 
plus  has  ever  existed.  In  terms  of  dietary  adequacy 
the  world  has  never  had  enough  to  eat.  So-called 
overproduction  and  apparent  surpluses  have  in  reality 
been  failures  to  secure  adequate  distribution.  The 
recent  United  Nations  Conference  on  Food  and  Agri¬ 
culture  ^®^  recognized  that  national  and  international 


165.  Physiological  Bases  Nutr>‘>on.  L/ague  of  Nations  Publications: 

ir.  Economic  and  Financial,  PmWptn  of  Nutri* 

166.  Interim  Report  of  the.  Mixed  Committee  ™  1936 

tion,  League  of  Nations  Publications:  II.  Economic  and  Financial,  193  , 

^^’16^7. ^United  Nations  Conferen^ce  on  Food  and 

and  Section  Reports,  Dept,  of  State  Publication  1948,  Conference^ 

52  1943  Parran,  Thomas:  A  Blueprint  for  the  Conquest  ot  Hui^er, 
Pub  Health  Rep.’  58:893  (June  11)  1943.  Editorial,  Am.  J.  Pub. 
Health.  33:847,  1943. 
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agricultural  policies  must  be  directed  toward  obtaining 
a  food  supply  adequate  for  health. 

Although  poverty  is  the  principal  cause  of  malnutri¬ 
tion  general  economic  improvement  will  not  give  every 
one ’an  adequate  diet.  Faulty  food  distribution  is  the 
most  important  contributory  factor,  and  ignorance  of 
the  rules  of  good  diet  plus  indifference  to  the  conse¬ 
quences  and  bad  dietary  habits  are  the  conti  ibutor); 
underlying  causes. 

Great  Britain  has  shown  that  a  national  food  policy 
based  on  nutritional  adequacy  can  control  malnutrition. 
Close  control  of  food  production,  importation  and  prices 
together  with  strict  rationing  and  with  a  food  distribu¬ 
tion  system  planned  with  the  assistance  of  nutrition 
experts  with  the  goal  of  adequacy  instead  of  profit  has 
assured  an  individual  availability  of  foods  with  the 
result  that,  in  spite  of  poorer  living  conditions  incident 
to  the  war,  the  infant  mortality  in  1942  was  the  lowest 
on  record  and  health  has  been  maintained  at  a  high 
level  with  a  decreased  general  death  rate  and  a  negligi¬ 
ble  incidence  of  deficiency  diseases. 

From  the  point  of  view  of  preventive  medicine  the 
problem  of  adequate  nutrition  is  so  different  from  other 
health  problems  that  it  requires  a  new  approach.  Its 
ramifications  extend  far  into  our  whole  economic  struc- 
ture.  Such  diverse  problems  as  the  control  of  crop 
production,  farm  machinery,  manpower,  food  distribu¬ 
tion,  transportation,  food  preservation  and  processing, 
storage  and  food  preparation  as  well  as  nutrition  educa¬ 
tion  and  the  diagnosis,  prevention  and  treatment  of 
deficiency  diseases  are  all  involved.  It  is  obvious  that 
problems  of  this  range  and  magnitude  cannot  be  solved 
by  physicians,  health  officers  or  any  other  one  agency 
alone.  The  first  essential  is  close  cooperation  and 
intimate  relations  among  a  number  of  agencies,  includ¬ 
ing  physicians  and  health  officers. 

A  number  of  official  and  voluntary  agencies  in  this 
country  have  been  working  on  certain  aspects  of  our 
nutrition  problem  for  many  years  with  little  participa¬ 
tion  by  physicians  except  from  some  health  officers. 
Ihe  home  economics  and  agriculture  teachers  in  our 
high  schools  and  colleges,  the  Agricultural  Extension 
Service,  the  American  Red  Cross,  the  Children’s  Bureau 


Table  10. — Nutritional  Anemia 


a  moT 

^  2 

A  'M 

tfi  - 


a 

ts  g 
bio  ^ 
o  £ 


-t9 


(S 


W  S 

~  g« 
S-E  • 

“ti'a-g 

.  *  63  b  G 
.  P  Q) 

03(5  O 

•rb=^ 

a;g" 

•  *  r 

•  -^s 

Mack 
O.  H 
Paul 
part 

Mack 

C.  H. 

Quar 

E 

cb 

i 


o 

w 

a 

a 


jit 

o 

H 

o 

S< 

w 

c 

03 

a; 


O  G 

.  o 

k5 

03^ 


a 

0^ 

S-i 

IS 


T? 

go.2 

2  S-S 

G  O)  O 

“M'S 


u.  G 


o 


£ 

5 

irb 


P 

o 

lO 

rH 

A 


^oo  "oo 
I  O  Ci  o  ^  S 
■  -  +1+1 


"^.-•CVpH  l*^"r-(^OrH  I 

J^IOC^O 

O  o 

|>l>OC<Ot-C-lOC^O 


0^2 

wo 


o  a 

oj  O 


til 


^  G  2 

wo 


«^CQt:*rH«^O>COCO00 
C^OOO|H*>O^OOCO 
r-IoiO>i-JoOt^COl>0>C*b 
r—i  rH  rH  ^  ^  i-H 


+SSS  I 

S  O  2  ^  o 
O*^  ^  ^ 

05  05  2 
O  05  05 

CO  oi  »-<  05 


8g388 

CO  <0  05  pH  G> 

C4  C^ 


O*- 

2 

03 

*D 


O 


O)  ^ 

bo  ^ 
<  < 


Ch"d 

88 

o 


bo 

cc 

o 

o 

G 

C/J 


Ph 


o 

o 

I 


G 


05 
.  CO 

O  2 


•  05 
U  CO 
a>  05 

CO  ^ 

TD  *" 
PU 


pq'-5 

1-5  "a 
a> 

qTS 

bo 

2g 

Im  ^ 

p 

«  o 
Wco 


CO 


c 

03 

a 

'O  . 
G  'D 
63 

•  •G 

•  Cfj 

0  5 


U 

o 

=ii^i 

^  CD 


OCH 
CD  <D 
Oi  (N 
rH  rH 

'd'o 

CO 

CO  oi 


ID  O  lO  O 
CO  ^  ^  ID 

d>  ub  o  »D  o 

CO  CO  'hJ  ID 


^  t-  (M  CD 
CD  ^  05*  Hf  W 


05  CO  CO 
rH  CO  iD  , 

H“ 

05  O  CO 
o’  rH  CO  ID 


05  00  ^ 


OrHDll^  OC^lDOi<O^D 

00  05  04  O 
CO  CO  04 


O 


iG  U4 

G'C 

GG 


< 


O 

-c 

G 

60 


a> 

bfi 

63 

o 

o 


X 


G  oj 


00  G 

In  G 


G  O 

2  />  - 
»  Was 


a 

:S-B5i 

a  a  33 


898 

1,302 

2,400 

? 

1,000 
regnant 
women 
last  tri¬ 
mester 
620 

>> 

G. 

_  ■*“' 

63  >» 

35 

w'S  " 
^S.2 
a  “  a 

.a  G 

a 

c 

2  ^ 

W 

G  ^ 

2 

b  S  p 

oT 

al  Pen 
ia  and 
nsylva 
1939 

nsylva 

ropoli 

30l 

1939 

insylvi 

1939 

rth  Ca 
k-n  of  4 
1940 
lahom 
1939 

inesvil 

1939 

^  G  G 

B 

C  ^ 

63 

G  63  ^ 

c:  >Ph 

a>  ^  - 
/s  c  ^ 
pH  G  oo 

C* 

Ph 

y,B  o 

o 

w 

a 

oS 

S 

a> 


.  o 

.  •• 

>*  . 
C3  fO 
E$  4) 

|s 

03  . 
»-5  h-s 

03 

-02 


,:<l 

.  M 

•->  o 

o 

liSs 


Tt1 

o> 


a 

< 


o 

a 


6 

ci 

12; 


a 


^  a 

-  C3 

c» 

a  03 
os  a  - 

X  ®  •* 
.^tl 

^  ®  a 
-a  .2 
a  33*; 
O  >-i  IH 

tors*' 
a  ^  a 
S,c^ 
®a  • 

K  S'-s 


a  •  •‘^ 
oS'C 
t  M 

^  1-5  ,  , 

(1  . 
..O  a 
:  a 

Q.  •;'0 

^  O 

^  .  w  ot* 
*^-03 
"  S  *o 

o  rS 
aam- 
g-rx^ 

2k:  X 

CBOS 


§  to 

all 
•2 
CO  o 

oN  CO 
O  CO 
c  o 
H'Ovh 

5?  oB 

02  O 

-s-a 

.  ^  CO 

"gS 

O  «:- 
.  !S 

T3  • 

"S  ®  2 

|2g 

W  PQ  &iX) 


M  C3 

n  q 

CO 

ci 

P  P 

o  ^ 


o  ^ 

p  •• 

.SW 


o 


>> 

44 


2g5  M 


a 


to  s 

5-0 

,S  °  a 
n  toB 


i-tGC 

M 


o 

OhO 
to  2; 


c=S 

OCC 


03  Qi 

X:  P 
C3  >> 

h^O  CM 


M  ,  • 

®  o  ®  • 

iliS  ^ 

2  Gm.  per 
100  cc. 

•  CO  •  * 

CO  ^  rH  • 

rH  05  rH  • 

o 

fH 

^  rH  lO  CO  CO 
CO  (N  ^ 


sa  &=« 

OO  a  g 

-S'  ci  0  ^ 

rHrH  Og 

•^o  <N  ^ 
^  1-1 


'^OOOcOcaO'-'COO^OuO  o 


a? 

o$ 

o 


P<  . 
.  o 

S  " 

08 


o 

CO 


Ci  CO  l>  CO  C'* 


'*»'  IH  o  ^  OJ  00 


o 

o 

o 

no 

.  .  "O 

'O 

P 

03 

'^oo^oo  a 

to 

*OOf  ^CH\)CH  POO  o 
a 

o 

o  o 

’b 

•d 

"3 

o 

o 

s: 

o 

CA 

£ 

Hh 


—  4)  j, 

§ia 

"ii 

«j.2.g 

'E;*®  te 
SJtog 

WW^:) 


D 

< 


3 

XJ 

<: 


O) 

bfi 

CO 


•4^ 

p  p 
0)  ^ 

-gg-B 

■®2<1 

o;d 


a 

•a 

< 


to  r-.  kK 

IK  «0  00 

f— »  r-l  r^ 


-s 

3  P 
'O  fefi 

Q. 


CO 


ir  03  i;  c3 
3  P  3  p 
'O  CuO  T3  Cifl 

cgj  <ug 

A  a 


lO 

o< 

CO 


O 

o 


cc 

4i9 

OO 

hS 

o 


^  s 

Oi 

^  w 

O  O  rH 

lh  ^  .2 

j,rK 

a>  A 

S 


a 

m 

®  05 

^  f-» 

o 

o 

C/J 


c 

o  05 
•M  CO 
Vj  05 
O  rH 

CQ 


P 

CQ  05 
be  CO 
05 

x;  «-• 


4i^ 

o 


d,  ^ 

to  CO 
^  05 


>» 

3S 


UP 


'O 

o 

o 


t-* 

03 

TS 

P 

03 


CO 


p 

P 

-t: 


o 


512 


IV.  H.  SEBRELL 


of  the  Department  of  Labor  and  numerous  other  organ¬ 
izations  have  had  continuing  programs  for  a  long  time. 

Many  of  onr  state  health  departments  have  established 
and  maintained  a  small  nutrition  service  at  the  state 
level  with  the  assistance  of  the  Children’s  Bureau. 
The  attention  here  during  peacetime  was  focused  pri¬ 
marily  on  problems  of  maternal  and  child  health,  and 
an  excellent  start  has  been  made.  However,  there  are 
other  population  groups  which  also  may  be  regarded 
as  especially  vulnerable  from  a  nutritional  point  of  view 
and  to  whom  it  is  essential  that  attention  also  be  given 
especially  in  wartime,  for  example  school  children, 
adolescents  and  workers  in  essential  industries.  In 
order  to  deal  more  effectively  with  these  varied  prob¬ 
lems  the  regular  nutrition  activities  of  various  govern¬ 
ment  and  voluntary  agencies  have  been  intensified, 
expanded  and  coordinated.  A  first  meeting  of  repre¬ 
sentatives  of  these  agencies  was  held  in  1940,  and  in 
May  1941  President  Roosevelt  called  the  First  National 
Nutritional  Conference  in  Washington.^®® 

The  National  Nutrition  Program  was  based  on  the 
recommendations  of  this  conference,  and  coordination 
was  obtained  through  the  Nutrition  Division  of  the 
Office  of  Defense  Health  and  Welfare  Services.  These 
activities  have  now  been  incorporated  into  the  Nutrition 
and  Food  Conservation  Branch  of  the  War  Food 
Administration. 

Regional  nutritionists  carry  out  the  functions  of  tins 
branch  from  the  Food  Distribution  Administrative 
regional  offices.  On  invitation  these  nutritionists  woiT 
with  state  and  local  nutrition  committees  in  planning 
and  developing  nutrition  programs  and  projects.  The 
most  important  accomplishment  of  this  office  has  been 
the  successful  coordination  of  the  nutrition  program 
of  various  agencies,  recognizing  the  place  of  each  but 
centering  attention  on  the  common  objective.  It  has 
shown  that  a  coordinated  program  of  this  magnitude 
can  be  made  to  work  in  this  countiy. 

Nutrition  committees  have  been  formed  in  every  state 
and  in  Flawaii  and  also  are  working  on  local  nutrition 
problems  in  many  counties,  cities  and  local  commnni- 
ties.  In  many  instances  there  has  been  little  oi  ^no 

168.  Proceedings  of  the  National  Nutrition  Conference  for  Detfrtfie. 

U.  S.  Govt.  Printing  Office,  1942. 
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participation  by  physicians  or  health  officers  in  spite 
of  invitations  to  medical  societies  and  health  depart¬ 
ments  to  send  representatives.  The  work  of  these 
committees  has  consisted  mainly  in  the  organization 
of  nutrition  classes,  preparation  and  distribution  of 
educational  material,  food  demonstrations,  victory  gar¬ 
dens  and  home  food  preservation,  and  it  is  expected 
that  they  will  play  an  increasingly  important  role  in 
war  food  programs  through  school  lunch  activities  and 
nutrition  in  industry  subcommittees.  If  properly  devel¬ 
oped  they  should  become  the  local  body  through  which 
all  the  food  and  nutrition  problems  of  the  community 
are  attacked. 

The  ultimate  purpose  of  a  civilian  wartime  food  pro¬ 
gram  is  to  assure  “enough  to  eat”  to  every  one,  so 
that  the  war  may  be  fought  with  the  utmost  efficiency. 
The  phrase  “enough  to  eat”  in  its  proper  use  must 
mean  not  only  enough  in  quantity  but  also  enough  of 
all  essential  dietary  elements.  This  means  that  the 
entire  program  must  be  planned  on  a  sound  technical 
nutritional  basis  with  adequate  control  of  distribution 
together  with  price  control  of  those  constituents  of 
the  nation’s  food  supply  necessary  to  secure  dietary 
adequacy. 

Failure  to  recognize  the  necessity  for  basing  the 
control  on  nutritional  adequacy,  or  half-way  measures 
of  control,  defeat  the  whole  purpose  of  the  program 
and  are  worse  than  no  control  in  that  they  create  a 
false  sense  of  dietary  security,  and  a  ration  coupon 
becomes  a  symbol  of  unobtainable  food  rather  than  a 
guaranty  of  a  fair  share  of  an  item  necessary  for  the 
maintenance  of  health. 


It  is  also  essential  that  any  such  program  take  into 
account^  the  greater  physiologic  needs  of  the  “vulnerable 
groups”  m  the  population,  among  tlie  most  important 
of  these  groups  during  war  being  the  workers  in  war 
industries.  Differential  rationing  by  allotting  more 
ration  coupons  to  such  groups  would  threaten  the  whole 
rationing  structure  because  of  difficulties  in  adminis¬ 
tration  and  the  great  difficulty  in  assessing  the  actual 
needs  of  the  individual  based  on  his  special  require- 
ments.  In  general  the  most  practicable  solution  is 
to  develop  feeding  facilities  within  each  industrial  plant 
winch  can  supply  an  adequate  midshift  meal  to  every 
F  V  ^ 
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employee  without  requiring  ration  coupons.  In  a  few 
industries  operating  under  special  conditions  of  isolation 
from  the  usual  food  supply,  it  may  be  necessary  to 
supply  extra  food  to  the  entire  establishment.  Here 
the  allocation  is  made  to  the  group  and  not  to  the 
individual.  Rare  exceptions,  such  as  sheep  herders, 
may  require  special  allocations. 

The  aspect  of  industrial  nutrition  which  involves  the 
community  can  be  attacked  by  the  local  nutrition  com¬ 
mittee.  Inplant  feeding  should  be  regarded  as  one 
aspect  of  a  properly  developed  industrial  hygiene  pro¬ 
gram.  It  should  be  approached  through  the  plant 
medical  officer  or  safety  director  after  the  plant  man¬ 
agement  has  agreed  to  the  program. 

At  the  federal  level  the  War  Food  Administration 
works  closely  with  the  Industrial  Hygiene  Division  of 
the  National  Institute  of  Health  of  the  United  States 
Public  Health  Service.  At  the  state  level,  when  state 
health  departments  have  industrial  hygiene  officers  they 
should  be  one  of  the  points  of  contact  with  the  plant, 
using  the  advice  and  assistance  of  the  local  and  state 
nutrition  committee.  Because  of  the  scope  and  impor¬ 
tance  of  the  industrial  nutrition  problem  tbe  War  Food 
Administration  has  appointed  regional  nutrition  _  rep¬ 
resentatives  to  work  with  state  and  local  committees 
as  well  as  health  officers  and  plant  officials. 

On  request  from  industrial  plants,  industrial  nutri¬ 
tionists  assist  in  planning  employee  feeding  and  nutri¬ 
tion  education  programs  and  in  handling  applications 
for  essential  equipment  and  food.  They  also  work  with 
labor  groups  in  promoting  better  eating  habits. 

In  many  states  industrial  nutrition  subcommittees 
have  been  organized  under  the  state  nutrition  commit¬ 
tee.  The  representative  of  the  health  department  should 
work  with  these  subcommittees,  which  include  indus¬ 
trial  physicians,  caterers,  representatives  of  labor,  plant 
management  and  other  interested  groups. 

Nutrition  committees  throughout  the  country  are 
constantly  striving  to  improve  the  public  knowledge  of 
nutrition  and  to  develop  better  food  habits.  Food 
shortages  make  these  activities  more  importaii  an 
ever.  This  education  is  based  on  food  groups  designed 
to  yield  nutritional  adequacy  with  considerable  latitude 
in  tbe  choice  of  food  items.  The  recommendation  is 
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a  type  diet  which  for  application  requires  local  adapta¬ 
tion  to  specific  items.  The  necessary  foods  are  listed 
in  seven  groups  (table  11). 

Physicians  and  health  officers  should  assist  in  the 
promotion  of  sound  nutrition  education  as  well  as  in 
promoting  good  food  programs  designed  to  improve 
nutrition.  The  health  officer  has  both  an  opportunity 
and  an  obligation  here  in  preventive  medicine  which 
cannot  be  performed  as  well  b}^  any  other  group.  The 
concept  of  the  prevention  of  disease  must  be  enlarged 
to  include  an  effort  to  attain  the  best  possible  level  of 

Table  11. — Necessary  Poods 


1.  Green  and  yellow  vegetables,  some  raw,  some  cooked,  frozen  or 
canned. 

2.  Oranges,  tomatoes,  grapefruit  or  raw  cabbage  or  salad  greens. 

3.  Potatoes  and  other  vegetables  and  fruits  raw,  dried,  cooked,  frozen 
or  canned. 

4.  Milk  and  milk  products,  fluid,  evaporated,  dried  milk  or  cheese. 

5.  Meat,  poultry,  fish  or  eggs  or  dried  beans,  peas,  nuts  or  peanut 
butter. 

6.  Bread,  flour  and  cereals,  whole  grain  or  enriched  or  restored. 

7.  Butter  and  fortified  margarine  (with  added  vitamin  A).  “Eat 
some  food  from  each  group  every  day.” 

“In  addition  to  the  basic  7,  eat  any  other  foods  you  want.” 


Further  instructions  in  order  to  cover  possible  w'artime  short¬ 
ages  are  as  follows : 


If  scarce  in 
Group  2 
Group  4 

Group  5  (meats) 
Group  7 


Use  more  from 
Group  1,  3 
Group  1,  5,  6 
Group  4,  S  (eggs) 
Group  I,  4 


health  which  is  unknown  in  the  absence  of  good 
nutrition. 

The  fact  that  malnutrition  and  deficiency  diseases 
usually  appear  insignificant  in  mortality  and  morbidity 
tables  does  not  reflect  the  real  importance  of  nutrition 
in  out  national  health.  Although  good  nutrition  does 
not  guarantee  good  health,  poor  nutrition  can  and 
often  does  contribute  to  mortality  from  other  primary 
causes,  while  optimum  nutrition  can  contribute  to 
optimum  health. 

The  health  officer  and  pliysician  can  help  determine 
the  i)revaleiice  of  malnutrition  and  relate  nutrition  prob¬ 
lems  to  other  public  health  and  medical  problems  Some 
of  the  more  important  activities  for  health  departments 
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in  developing  this  field  in  collaborating  with  existing 
programs  were  recently  proposed  by  Sebrell  and 
Wilkins  as  follows: 


STATE  HEALTH  DEPARTMENT  ACTIVITIES 


1.  Collect  information  and  do  appraisals  on  the  incidence 
and  types  of  deficiency  diseases  and  on  food  habits  in  geo¬ 
graphical  areas  and  population  groups,  especially  children, 
pregnant  and  lactating  women  and  industrial  workers.  Even 
small  samplings  are  of  value  in  pointing  the  way  to  more 
comprehensive  appraisals. 

2.  Offer  assistance  in  the  diagnosis  of  nutritional  deficiencies. 
Here  is  a  health  department  service  which  is  in  line  with 
sound  public  health  principles  and  which  will  strengthen  the 
work  of  other  agencies  in  this  field.  At  the  same  time  the 
efforts  of  other  agencies  will  contribute  greatly  to  creating 
a  demand  for  this  type  of  service. 

3.  Prepare  and  distribute  simple  attractive  literature  dealing 
with  state  nutrition  problems.  Such  literature  should  be  pre¬ 
pared  with  a  full  knowledge  of  all  other  nutrition  literature 
being  used  by  other  agencies  in  order  that  duplication  and 
conflicting  viewpoints  may  be  avoided. 

4.  Cooperate  actively  with  other  agencies  dealing  with  differ¬ 
ent  aspects  of  the  nutrition  problem.  Offer  the  specialized 
services  of  the  health  department  to  other  agencies  to  help 
them  in  dealing  with  their  particular  phases  of  nutrition. 

5.  Take  an  active  part  in  the  work  of  the  state  nutrition 
committee. 


6.  Offer  information,  consultation,  guidance  and  encourage¬ 
ment  to  local  health  departments  in  developing  local  nutrition 
programs  and  in  cooperating  with  the  local  nutrition  com¬ 
mittees. 

Promote  staff  education  in  nutrition,  including  facilities 
for  professional  education  in  public  health  nutrition,  and  educa¬ 
tion  of  county  and  city  health  department  personnel  in  nutrition 
activities. 

8.  Assist  in  sponsoring  conferences  and  refresher  courses 
in  nutrition  and  related  fields  for  public  health  and  school 
l>ersonnel.  During  the  past  three  summers  nine  such  coopera¬ 
tively  sponsored  six  week  conferences  have  been  held  m  one 
state.  Similar  projects  have  been  successfully  earned  out 

in  several  other  states. 

9.  Active  participation  of  nutritionists  in  the  public  health 

nursing  and  dental  hygiene  program,  in  well  child  climes,  in 
school  health  programs  and  in  other  activities  of  the  maternal 
and  child  health  division.  _ 


169.  Sebrell,  W.  H.,  and  Wilkins,  Walter:  .  ^®He„°tVRep”^5S : 

Department  in  the  National  Nutrition  Program,  Pub.  Health  Kep. 

803  (May  21)  1943. 
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10.  Include  nutrition  in  tlie  industrial  hygiene  program  not 
only  by  nutrition  education  in  the  plant,  but  also  by  improving 
plant  feeding  facilities  and  the  nutritional  cpiality  of  the  meals 
served. 

11.  Cooperate  with  and  assist  the  state  food  distribution 
administrator  in  locating  and  meeting  local  food  problems. 

12.  Take  an  interest  in  school  lunch  programs.  The  United 
States  Public  Health  Service  can  consider  requests  for  nutri¬ 
tionists  for  these  programs  under  title  VI  funds  if  recommended 
and  requested  through  local  and  state  health  departments. 
Under  rationing  we  should  give  more  attention  than  ever 
to  the  adequacy  of  the  meals  our  children  get  at  school. 

LOCAL  HEALTH  DEPARTMENT  ACTIVITIES 

1.  Learn  what  other  agencies  have  done  and  are  doing  within 
the  area. 

2.  Affiliate  with  the  local  nutrition  committee. 

3.  Study  the  nutritional  status  and  needs  of  the  area  from 
medical  and  public  health  angles  and  help  orient  other  agencies 
in  this  regard. 

4.  Distribute  and  interpret  nutrition  teaching  material,  espe¬ 
cially  material  which  deals  primarily  with  local  problems. 

5.  Have  a  planned  program  for  staff  education  in  nutrition 
within  the  department  or  in  cooperation  with  other  agencies. 

6.  Exert  a  stabilizing  influence  and  interpret  sound  nutrition 
practices  to  the  public,  avoiding  fads  and  extremes. 

7.  Interpret  local  nutritional  conditions  to  the  public  through 
talks,  newspaper  articles,  radio  programs  and  so  on. 

8.  Make  an  eft'ort  to  increase  the  interest  of  local  medical 
and  dental  professions  in  local  nutrition  problems  and  practical 
solutions. 

9.  Develop  nutrition  educational  facilities  for  patients  who 
attend  public  health  clinics.  In  some  places  it  may  be  advisable 
to  establish  clinics  to  deal  primarily  with  nutrition  problems. 

10.  Develop  and  maintain  a  movie,  film  strip,  and  slide  library 
on  nutrition  and  related  subjects. 

11.  Encourage  public  eating  places  to  serve  food  of  good 
nutritional  value  and  to  prepare  their  foods  in  such  a  way  as 
to  conserve  vitamins  and  minerals.  This  might  he  started  as 
a  consultation  service. 

1-.  Encourage  civic  clubs  to  sponsor  programs  which,  either 
directly  or  indirectly,  will  improve  the  nutrition  status  of 
groups  within  the  community. 

13.  Advise  and  sponsor  feeding  facilities  in  connection  with 
child  day  care  programs. 

14.  Stress  nutrition  in  school  health  programs: 

(a)  Cooperate  with  teachers,  parent-teachers  associations  and 
lunchroom  managers  in  improving  school  lunches. 

(b)  Sponsor  cooperative  school  lunch  programs. 
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{c)  Encourage  the  use  of  simple,  wholesome,  home  prepared 
foods  in  lunchboxes  rather  than  the  use  of  “store  bought”  snacks. 

(d)  Watch  for  and  stress  nutritional  deficiencies  in  physical 
examination  of  school  and  preschool  children. 

(e)  When  practical,  conduct  or  sponsor  demonstrations  with 
school  children  showing  results  of  improved  nutrition  (properly 
integrated  with  other  health  habits). 

(/)  Sponsor  “sampling  surveys”  of  school  children  for  nutri¬ 
tional  status.  If  possible,  get  local  medical  and  dental  societies 
to  cooperate. 


From  a  national  point  of  view  the  state  of  nutrition 
of  a  considerable  part  of  the  population  of  this  country 
is  unsatisfactory  and  has  been  so  for  many  years. 
Whether  even  this  present  state  of  nutrition  can  be 
maintained  in  the  face  of  the  present  food  situation 
depends  on  the  efficiency  with  which  we  produce, 
distribute  and  utilize  our  food  supplies.  The  signs  and 
symptoms  of  malnutrition  are  often  overlooked  or 
attributed  to  other  causes.  Gross  deficiency  disease 
still  exists,  and  the  relationship  of  nutrition  to  other 
health  problems  is  not  common  knowledge  as  it  should 
be.  Poor  methods  of  using,  preserving  and  preparing 
foods  both  in  homes  and  in  public  eating  places  are 
responsible  for  tremendous  losses  in  food  values.  Even 
in  the  face  of  food  shortages  there  is  as  yet  little 
tendency  to  conserve  and  use  every  bit  of  edible  food. 
The  uses  of  alternate  foods  when  shortages  exist  is 
little  appreciated.  A  shortage  in  beef  results  in  a 
public  clamor  to  satisfy  the  palate  although  physio¬ 
logic  needs  can  be  met  easily  from  other  food  sources 

without  difficulty. 

There  is  probably  more  public  interest  in  nutrition 
and  food  today  than  ever  before.  Physicians  and  health 
officers  can  play  an  enormously  important  part  in  the 
national  effort  to  improve  nutrition  by  guiding  this 
interest  along  sound  lines.  Too  often  the  busy  physician 
finds  it  easier  to  prescribe  a  vitamin  pill  than  to  inves¬ 
tigate  food  habits  and  recommend  dietarv  changes. 
Health  officers  need  to  become  acquainted  with  the 
nutrition  work  being  done  by  other 
their  staff  members  take  their  .P'®^ 

nutrition  program  after  they  have  obtained  a  back¬ 
ground  of  knowledge  of  the  work  being  done  bv  othe 

We  have  an  unparalleled  opportunity  in  the  field  o 
preventive  medicine.  If  agriculture  is  to  be  based  o 
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the  nutritional  needs  of  the  population,  health  and 
medical  authorities  should  determine  what  those  needs 
are.  Satisfactory  nutrition  depends  on  health  and 
agricultural  authorities  working  together.  Agriculture 
up  to  now  has  had  to  assume  the  major  portion  of 
the  burden  of  solving  our  nutritional  problems.  It  is 
past  time  for  medical  and  health  authorities  to  assume 
their  share  of  the  responsibility. 


CHAPTER  XXIV 


CONDITIONED  MALNUTRITION 
NORMAN  JOLLIFFE,  M.D. 
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The  terms  “malnutrition.”  “nutritional  deficiency 
disease,”  “nutritional  failure,”  “beriberi,”  “pellagra, 
“scurvy,”  “riboflavin  deficiency”  and  similar  terms 
signify  to  many  persons  disorders  arising  solely  from 
an  inadequate  diet.  But  all  these  may  occur  in  the 
])resence  of  dietary  adequacy.  As  pointed  out  by 
Kruse,’  these  terms  should  denote  a  deficiency  in  the 
bodily  tissues  rather  than  in  the  diet.  If  a  tissue  defi¬ 
ciency  arises  from  an  inadequate  diet  it  is  known  as 
a  primary  deficiency.  If  the  tissue  deficiency  is  caused 
by  factors  other  than  an  inadequate  diet  alone  it  is 
known  as  a  conditioned  or  secondary  deficiency.  Con¬ 
ditioned  deficiencies  are  caused  by  factors  that  inter¬ 
fere  with  the  ingestion,  absorption  or  utilization  of 
essential  nutrients,  or  by  factors  that  increase  their 
requirement,  destruction  or  excretion.” 


'Pile  imi)ortance  of  these  conditioning  factors  as  a 
cause  of  deficiency  disease  has  not  been  generally  recog¬ 
nized.  in  surveys  of  the  nutritional  status  of  population 
groups  there  has  been  a  tendency  to  neglect  the  causal 
role  of  these  conditioning  factors  and  attribute  all 
malnutrition  to  dietary  inadequacies  alone.  On  the 
other  hand,  in  hospital  and  office  practice  the  finding 
of  clearcut  gross  manifestations  of  deficiency  disease 
caused  by  conditioning  factors  may  lead  to  one  of  the 
following  two  errors :  The  first  is  to  consider  the  lesion 
a  manifestation  of  the  original  or  conditioning  disease 
unrelated  to  tissue  nutritional  deficiency.  The  second, 
after  recognizing  the  nutritional  basis  of  the  secondary 
manifestation,  is  to  ascribe  the  original  or  conditioning 
disease  to  nutritional  deficiency.  Those  making  the 
first  error  ignore  the  existence  of  deficiencv  disea.se. 


1.  Kruse,  H.  D.:  A  Concept 
Quart.  80:245  (July)  1942. 

2.  Jolliffe,  Norman:  Chapter 
in  Preventive  Medicine  in  Modern 


of  Malnutrition,  Milbank  Mem.  Fund 


on  Nutrition  and  Deficiency 
Practice,  New  York,  Paul  B. 
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while  those  making  the  second  error  attribute  most 
deviations  from  normal  health  to  malnutrition. 

The  prevention  and  treatment  of  these  conditioned 
deficiency  diseases  are  often  the  decisive  factors  in 
determining  recovery  after  surgery  ®  and  in  many  severe 
infections.  Likewise  their  prevention  and  treatment 
often  decide  the  success  of  other  therapeutic  measures 
directed  toward  alleviating  the  conditioning  disease.  In 
addition,  the  comfort,  length  of  life  and  economic  use¬ 
fulness  of  many  patients  depend  on  adequate  nutrition."* 


THE  POSSIBLE  NONSPECIFICITY  OF  CERTAIN 
LESIONS  OF  MALNUTRITION 


The  gross  evidence  (table  1)  and  the  better  estab¬ 
lished  special  examinations  (table  2)  for  the  detection 
of  malnutrition  as  outlined  by  Jolliffe,  McLester  and 
Sherman  ®  are  listed  in  the  accompanying  tables.  Since 
these  manifestations,  whether  primary  or  conditioned, 
are  identical,  it  is  not  necessary  to  redescribe  them 
here.  It  is  necessary  to  point  out,  however,  that  with 
few  exceptions  the  findings  characteristic  of  malnu¬ 
trition  are  nonspecific.  Some  lesions  attributable  to 
malnutrition  may  be  produced  by  local  tissue  defi¬ 
ciency  ®  as  a  result  of  circulatory  disturbances,  trauma 
pressure  or  infection.  These  local  conditioning  factors 
may  produce  lesions  identical  with  those  of  a  systemic 
deficiency.  Other  lesions  may  not  be  related  to  either 
systemic  or  local  tissue  deficiency  but  may  be  due  to 
some  factor  other  than  malnutrition.  These  facts  indi¬ 
cate  that  all  the  diagnostic  skill  and  clinical  acumen 
employed  by  physicians  in  any  other  branch  of  clinical 
medicine  must  be  employed  in  the  interpretation  of 


3.  Brown,  P.  B.,  and  Donald,  C.  J.,  Jr.;  Prognosis  of  Regional 
Enteritis,  Am.  J.  Digest.  Dis.  9:87  (March)  1942.  Starr,  Paul:  Value 
of  Vitamins  in  Surgical  Practice:  Collective  Review,  Internat  Abstr. 
Surg.  74:309,  in  Surg.,  Gynec.  &  Obst.,  April  1942.  Hartzell,  J.  B., 
and  Crowley,  R.  T.:  Vitamin  Therapy  in  the  Surgical  Patient,  Am.  J. 
Surg  56:288  (April)  1942.  Pollack,  Herbert;  Ellenburg,  Max,  and 
Dolger  Henry:  Postoperative  Precipitation  of  Vitamin  B  Complex 
Kffciencies,  J.  Mount  Sinai  Hosp.  8:  925  (Jan.-Feb.)  194^ 

4  TollifTe  Norman:  -Treatment  of  Neuropsychiatric  Disorders  with 
Vitamins,  J.’a.  M.  A.  117:  1496  (Nov.  1)  1941.  „  ^  p 

5.  Jolliffe,  Norman;  McLester,  J.  S.,  and  Sherman,  H.  C.:1  he  Prev¬ 
alence  of  Malnutrition,  J.  A.  M.  A.  118:  944  (March  .. 

6.  McCullough,  Kendrick,  and  Dalldorf,  Gilbert:  Epithelid  Meta¬ 
plasia:  Experimental  Study,  Arch.  Path.  24  :  486  (Oct.)  1937.  Ddldorf, 
Gilbert:  The  Pathological  Responses  to  Vitamin  Deficiencies,  Bull.  New 
York  Acad.  Med.  14:635  (Oct.)  1938.  Straumfjord,  J.  V.: 

Vitamin  A  Deficiency:  Their  Local  Character  and  Chronicity,  Northwest 
Med.  41:229  (July)  1942. 
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lesions  usually  ascribed  to  malnutrition.  The  following 

observations  illustrate  this  point :  .  .  r 

Xerosis  conjunctivae  is  a  lesion  characteristic  o 
vitamin  A  deficiency  in  animals  and  one  that  responds 
to  massive  vitamin  A  therapy  in  man.®  From  this  it 
should  not  be  inferred  that  all  “spots”  or  elevations 


Table  1. — Gross  Evidences  of  Malnutrition 


Suggested  Deficiency 

System  Finding  or  Syndrome 


Eyes  Xerosis  conjunctivae  and  corneae .  Vitamin  A 

Central  ophthalmoplegia  .  Thiamine 

Mucous  Scarlet  red  stomatitis  and  glossitis 
mem-  with  or  without  secondary  Vincent  s 

branes  Infection  . 

Magenta  glossitis  .  Riboflavin 

Atrophic  glossitis  .  Nicotinic  acid,  B  com¬ 

plex,  addisonian  ane¬ 
mia,  Plummer-Vincent 
syndrome 

Scorbutic  gums  .  Ascorbic  acid 

Cheilosis  .  Riboflavin 

Nonspecific  urethritis,  balanitis,  vag¬ 
initis  .  Nicotinic  acid 


Skin 


Pellagrous  dermatitis  . 

Seborrheic  lesions  in  nasolabial  folds 
on  face,  behind  ears  and  in  skin 

folds  . 

Hyperkeratosis  and  hyperfolllculosls.. 

Hemorrhagic  manifestations  . 

Fissures  in  angles  of  mouth . 


Nicotinic  acid 


Riboflavin 
Vitamin  A 

Vitamin  K,  ascorliic  acid 
Riboflavin 


Neuro-  Characteristic  bilateral  symmetrical 

logic  polyneuropathy  . 

Combined  system  syndromes . 

Wernicke’s  syndrome  . 

Nicotinic  acid  deficiency  encepha¬ 
lopathy  . 

Progressive  stupor  and  hebetude . 

Certain  organic  reaction  psychoses... 

Skeletal  Rachitic  deformities  and  osteoma¬ 
lacia  . 


Ceneral  Underweight,  iinderlieight,  edema, 
pallor 


Thiamine 

Thiamine.  B  eoinplex, 
addisonian  anemia 

'Phiamine,  B  complex 

Nicotinic  acid 

Nicotinic  acid 

Nicotinic  acid,  thiamine 
and  B  complex 

Vitamin  D,  calcium, 
phosphorus 

Calories,  proteins, 
iron,  B  complex 


that  appear  on  the  eyeballs  peripheral  to  the  cornea 
are  xerosis  conjunctivae.  Some  are,  but  others  are 
pterygium  and  others  scleral  deposits  of  varying  com- 


7  Bessey,  O.  A.,  and  Wolbach,  S.  B.;  Vascularity  of  the  Cornea  of 
the  Rat  in  Riboflavin  Deficiency,  with  a  Note  on  Corneal  Vascularization 
in  Vitamin  A  Deficiency,  J.  Exper.  Med.  69:  1  (Jan.)  1939;  Vitamin  A. 
Physiology  and  Pathology,  j.  A.  M.  A.  110:2072  (Tune  ISl  iQtR 

Wolbach,  S  W.:  The  Pathologic  Changes  Resuhing  fom  Vitamin 
Deficiency,  ibid.  108:7  (Jan.  2)  1937.  vuamin 

xi  Evaluation  of  Nutritional  Status:  IV 

The  Ocular  Manifestations  of  Avitaminosis  A.  with  Especial  Considera- 

Reo  271^1^41  Health 

Oifly)  1941  27)  1941;  Milbank  Mem.  Fund  Quart.  19:207 
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position.  The  contention  of  Kruse®  that  xerosi.^ 
conjunctivae  is  a  manifestation  of  chronic  vitamin  A 
deficiency  has  been  criticized  by  Berliner,®  who  points 
out  that  not  all  the  photographs  published  by  Kruse  ® 
vvere  characteristic  of  xerosis  conjunctivae,  that  the 
vitamin  A  blood  levels  are  not  low,  and  that  many  of 
the  lesions  in  question  are  those  usually  ascribed  to 
simple  senile  changes.  It  should  be  noted,  however, 
that  trained  ophthalmologists  after  gross  and  slit  lamp 
examinations  frequently  disagree  on  the  appropriate 
anatomic  labeling  in  a  high  proportion  of  “spot”  cases. 
The  blood  level  of  vitamins  does  not  necessarily  reflect 
the  state  of  the  tissues  and  cannot  be  used  as  a  criterion 
for  the  absence  of  a  deficiency  disease,  particularly  a 
chronic  deficiency  anatomically  manifest.^®  In  this  type 
of  malnutrition  the  blood  reflects  the  recent  intake  of 
vitamin  A.  Also  to  designate  lesions  of  the  conjunc¬ 
tiva  as  senile  changes  with  the  implication  that  senility 
per  se  is  responsible  for  them  is  unsatisfactory.  This 
merely  identifies  the  condition  with  a  population  in 
which  it  is  frequently  found  but  does  not  explain  its 
cause.  Even  in  arteriosclerosis,  age  is  not  the  essen¬ 
tial  cause.  As  William  Boyd  “  has  stated,  “The 
advance  in  years  merely  permits  some  slowly  acting 
cause  to  produce  the  effects  in  the  vessels.”  In  dis¬ 
cussing  the  lesions  of  chronic  malnutrition,  Kruse  ^ 
states  that  “not  all  elderly  persons  show  the  changes. 
On  the  other  hand  they  occur  in  children.  Time,  not 
senility,  is  the  essential  point,  and  time  does  not  start 
the  changes,  it  is  simply  a  dimension  over  which  they 
progress.  They  are  specific  avitaminoses  in  a  state 
of  chronicity,  due  usually  to  respective  dietary  deficien¬ 
cies  running  over  a  period  of  years.  Their  prevalence 
and  severity  vary  with  the  number  and  degree  of  defi¬ 
cient  diets.  .  .  .  Most  important  of  all.  they  are 

reversible,  yielding  slowly  but  completely  to  appropriate 
therapy.”  This  latter  point  has  been  partially  con¬ 
firmed  by  Jolliffe  and  Stern, who  observed  that,  of 


9  Berliner,  M.  L..  Regarding  Early  Detection  of  Avitaminosis  A 
by  Gross  or  Biomicroscopic  Examination  of  Conjunctiva,  Am.  J.  Ophth 
2.5:  302  (March)  1942.  ,  .  ,  •  •  / 

10.  Patek,  A.  T.,  Jr.,  and  Haig,  Charles:  Effect  of  Administratiw  of 
Thyroid  Extract  and  of  Alpha-Dinitrophenol  on  Dark  Adaptation,  Proc. 
Soc.  Exper.  Biol.  &  Med.  46:180  (Jan.)  1941. 

11.  Boyd,  William,  quoted  by  Piersol,  G.  M.;  Arteriosclerosis:  Social 

Significance  and  Recent  Advances  in  Treatment,  Bull.  New  York  Acad- 
.Med.  18:36  (Jan.)  1942.  .  , 

12.  Jolliffe,  Norman,  and  Stern,  Marvin:  Objective  Manifestations  of 
Nutritional  Deficiency  Diseases,  Clinics  1  :  282  (Aug.)  1942. 
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10  subjects  given  50,000  units  of  vitamin  A  twice  daily 
by  inoutb  for  ten  months,  7  showed  definite  evidence  of 
responding  in  the  manner  described  by  Kruse.  It 
seems,  therefore,  that  some  of  these  lesions  respond 
to  vitamin  A  therapy.  Some  may  not,  but  sufficient 
time  has  not  yet  elapsed  to  decide  this  point  definitely. 
Complete  solution  of  this  problem  requires  further 
study,  especially  the  biomicroscopic  slit  lamp  examina¬ 
tion  of  the  conjunctivas  of  experimental  subjects  main¬ 
tained  with  diets  deficient  in  vitamin  A. 

Corneal  vascularity  is  undoubtedly  associated  with 
riboflavin  deficiency  in  many  subjects.'®  In  acute  cases 


Table  2. — Special  Examinations  jot  Detection  of  Malnutrition 


Examination 


Condition  It  May  Detect 


Roentgenogram  of  hand  an»: 

wrist,  elbow  and  hip 
Roentgenogram  of  heart.... 

Electrocardiogram . 

biomicroscopic  eye  e.xum.na 
tion  with  slit  lamp 

Red  blood  cell  count .  | 

Hemoglobin .  I 

Stained  blood  smear . | 

Red  blood  cell  volume. .. .  | 

Plasma  ascorbic  acid . 

Serum  calcium .  | 

Serum  phosphatase .  I 

Serum  phosphorus .  I 

Blood  pyruvic  acid. . 

Senim  protein  or  albuimn... 
Blood  prothrombin . 


Rickets  and  scurvy  in  children:  osteo 
malacia  and  scurvy  in  adults 

Advanced  beriberi 

Changes  suggestive  of  tliianiine  deficiency 

Capillary  invasion  of  cornea  (riboflavin 
deficiency):  changes  in  conjunctivas 
(vitamin  A  deficiency) 

Iron  deficiency  anemia;  addisonian 
anemia;  macrocytic  anemia 

Vitamin  C  undersaturation 

Vitamin  D  deficiency 

V’itamin  Bi  deficiency 

Protein  deficiency 

Vitamin  K  deficiency 


this  condition  can  be  observed  by  slit  lamp  biomicros¬ 
copy  to  disappear  following  riboflavin  administration, 
to  return  when  riboflavin  is  withheld  and  to  disappear 
again  when  treatment  is  resumed.  In  this  acute  type 
of  lesion  the  ocular  symptoms  of  burning,  itching, 
asthenopia,  photophobia  and  lacrimation  are  extremely 
common.  Some  investigators  have  used  corneal  vas- 


13  Sydenstricker,  V  P  ;  Sebrell,  W.  H.;  Cleckley.  H.  M.,  and  Kruse, 

iKP'/T  Manifestations  of  Ariboflavinosis,  J.  A  M  A  1 1  .*  • 

2437  (June  22)  1940,  Johnson.  L.  V.,  and  Eckhardt.  R.  kosJela 

Keratitis  and  Condition's  with  Vascularization  of  Cornea  Treated  with 
A  ^940.  Sydenstricker.  V.  P  - 

Weaver,  J.  W.:  Ariboflavinosis  with  Special  Reference 
to  the  Ocular  Manifestations,  South.  M.  J.  34:165  (Feb.)  1941 
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ciilarity  as  an  index  of  riboflavin  deficiency  in  surveys 
of  population  grouos.  Several  observers  have 
warned,  however,  that  it  is  not  yet  confirmed  that  all 
or  nearly  all  of  these  vascular  changes  are  due  only 
to  riboflavin  deficiency  or  that  they  are  a  necessary 
accompaniment  of  other  undoubted  signs  of  riboflavin 
deficiency.  Youmans  and  Patton  have  observed  a 
considerable  number  of  subjects  with  mild  but  definite 
corneal  vascularization  not  accompanied  by  ocular 
symptoms  and  in  whom  there  was  no  correlation  with 
dietary  intake  of  riboflavin,  other  dietary  factors  or 
other  evidence  of  deficiency  disease.  Reexamination  of 
these  subjects  showed  an  improvement  or  disappear¬ 
ance  of  the  vascularization  in  the  winter  or  spring 
season  compared  with  the  fall,  in  spite  of  a  lower  intake 
of  riboflavin  in  the  former  period.  This  study  suggests 
that  factors  other  than  riboflavin  are  concerned.  You¬ 
mans  and  Patton  say  “there  is  some  evidence  to 
suggest  that  such  a  factor  (there  may  be  others)  is 
light,  .  .  .  which  may  be  concerned  in  the  production 
of  a  vascularization  through  the  mechanism  of  a  local 
deficiency  without  any  general  deficiency  being  present. 
In  general,  the  conclusion  which  seems  indicated  is  that 
corneal  vascularization,  even  of  the  characteristic  type 
and  of  definite  degree,  does  not  always  mean  a  general 
riboflavin  deficiency.”  Youmans  and  Patton  then 
point  out  that  under  these  circumstances  the  lesion 
loses  some  of  its  value  as  a  diagnostic  test  of  riboflavin 
deficiency  in  population  groups.  For  clinical  purposes, 
however,  this  finding  is  not  only  the  most  helpful  and 
reliable  but  tbe  simplest  and  quickest  means  of  detect¬ 
ing  mild  riboflavin  deficiency.  To  distinguish  it  from 
those  instances  of  vascularization  which  seem  to  be 
caused  by  other  agencies,  it  is  as  a  rule  necessary  only 
to  consider  with  it  the  history,  the  findings  of  the 
physical  examination  and  the  results  of  a  therapeutic 

trial.  


IS  Sebrell  W  H.;  Vitamins  and  Public  Health,  Fed.  Proc.  1:319 

tSeotl  1942  jolliffe.  Norman,  and  Goodhart,  Robert:  Vitamins  in 
Ih^'^r.cto  of  Modicine,  fbid  » :  3 1 6  ( Sept.)  1942 

Patton,  E.  W.;  Robinson,  W.  D.,  and  57th  annual 

of  Corneal  Vascularity  as  Found  in  a  Survey  0  w  u  pauline  Berry, 
meeting  of  Assn,  of  Am.  ^hysicmns  May  5,  1942. 

and  Smith.  Janice  Minerva:.  Methods  of  Conducting  (j,, 

Human  Nutrition,  Pennsylvania  State  College  Bull.  *  -  * 

'’"r6.'°Youmans,  J.  I?,,  and  Patton.  E.  W.:  The  Laboratory  Diagnosis  of 
Nutritional  Deficiencies.  Clinics  1  :  303  (Aug.; 
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The  central  bilateral  ophthalmoplegia  of  Wernicke’s 
syndrome  is  due  to  severe  acute  thiamine  deficiency/^ 
but  ophthalmoplegias  occur  from  many  otlier  causes. 
Central  ophthalmoplegias  are  common  in  central  ner¬ 
vous  system  syphilis,  multiple  sclerosis,  basilar  menin¬ 
gitis,  diphtheritic  neuritis  and  encephalitis.^®  A  char¬ 
acteristic  bilateral  symmetrical  polyneuropathy  occurs 
in  chronic  thiamine  deficiency,  but  a  clinically  similar 
polyneuropathy  may  be  due  to  infectious  polyneuritis 
of  the  Guillain-Barre  type  to  various  intoxicants,  to 
heavy  metal  poisonings  or  even  to  deficiencies  of 
vitamins  other  than  thiamine.^® 

The  mucous  membrane  lesions  in  and  about  the 
mouth  present  complex  diagnostic  problems.  Some 
cases  showing  a  magenta  glossitis  respond  to  ribo¬ 
flavin,-^  some  to  pyridoxine  and  others  only  to  crude 
liver  extract  administered  parenterally.  Cheilosis  may 
appear  the  same  whether  due  to  ariboflavinosis,  to 
edentulous  mouth,^^  to  allergy  or  to  lipstick.  Scarlet 
fungiform  papillae  at  the  tip  of  the  tongue  are  the 
earliest  visible  signs  of  mild  acute  nicotinic  acid  defi¬ 
ciency, but  pipe  smoking,  particularly  in  persons 
unaccustomed  to  a  pipe,  may  produce  a  similar  picture. 
Vincent’s  gingivitis  and  stomatitis  may  occur  in  defi¬ 
ciencies  of  both  ascorbic  acid  and  nicotinic  acid.^-  This 


17.  Jolliffe,  Norman;  VVortis,  Herman,  and  Fein,  H.  D. :  The  Wer- 
nicke  Syndrome,  Arch.  Neurol.  &  Psychiat.  46:569  (Oct)  1941 
Wortis.  Herman,  and  Jolliffe,  Norman:  The  Present  Status  of  Vitamins 
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infection  becomes  active  only  in  the  presence  of  necrotic 
tissue.  Ascorbic  acid  and  nicotinic  acid  debciencies  are 
only  two  of  many  causes  of  tissue  necrosis  in  the  mouth. 

CONDITIONING  FACTORS 

Following  the  definition  of  a  conditioned  deficiency 
disease  given  at  the  beginning  of  this  paper,  the  various 
illnesses  and  conditions  that  may  produce  such  defi¬ 
ciencies  are  listed  in  tables  3  to  8.  It  must  be  empha¬ 
sized  that  these  tables  are  not  complete  but  are  intended 
merely  to  list  the  more  common  illnesses,  therapeutic 
measures  and  physiologic  alterations  which  condition 
the  production  of  a  deficiency  syndrome. 

Interference  with  Ingestion. — Strictly  speaking,  defi¬ 
ciency  disease  produced  by  interference  with  ingestion 
should  not  be  considered  conditioned.  Since  failure  to 
ingest  adequate  amounts  of  food  is  alone  responsible, 
it  would  be  reasonable  to  consider  these  cases  as  pri¬ 
mary  deficiencies.  Practically,  however,  in  view  of  the 
frequency  with  which  disease  may  interfere  with  ade¬ 
quate  food  intake  and  because  of  the  significance  of 
this  classification  for  preventive  therapy,  its  inclusion 
as  a  conditioning  factor  is  warranted.  The  more  com¬ 
mon  of  these  conditions  are  listed  in  table  3.  Gastro¬ 
intestinal  and  neuropsychiatric  disoiders,  food  allergy 
and  nausea  of  pregnancy  are  noted  for  their  interference 
with  food  intake,  and  the  literature  is  replete  with 
references  to  deficiency  diseases  developing  under  these 

conditions.^  . 

In  hospitals  a  meal  placed  at  the  patient’s  bedside  is 
often  considered,  on  the  record  at  least,  as  eaten,  while 
actually  the  patient  may  have  consumed  little  or  none 
of  it.  Although  this  may  occur  under  many  conditions, 
it  is  particularly  likely  to  occur  in  elderly  patients 
whose  hospitalization  is  more  custodial  than  thera¬ 
peutic,  who  may  be  confused  and  whose  dentures  may 
be  in  the  property  room.  Within  one  week  5  such 
patients  with  gross  deficiency  disease  have  been  adniitted 
to  my  service  from  “custodial  institutions  Jol I  tfe. 
Fein  and  Rosenblum  have  recently  reported  an  illus¬ 
trative  case  of  classic  scurvy,  pellagra  and  riboflavin 
deficiency  in  a  person  transferred  from  a  custodial 
institution  where  she  had  been  a  patient  for  the  pre 
vious  five  years. _ _ 

26.  Jolliflfe.  Norman;  Fein,  H.  D..  and  i 

Dfliciency  in  Man.  New  England  J.  Med. 


CONDITIONED  MALN  UTRTTION  SJJ 

Alcohol,  though  it  also  produces  deficiency  disease 
by  other  means, may  prevent  an  adequate  food  intake. 
It  does  this  by  replacing  other  food  and  by  causing 
nausea  and  vomiting  through  its  irritant  action  on  the 
gastric  mucosa.  This  may  result  in  a  thiamine  deficiency 
causing  anorexia,  which  in  turn  results  in  deficient 
intake  of  other  nutrients.  In  this  respect  thiamine 
deficiency  is  frequently  the  underlying  cause  of  other 
deficiencies.  In  some  subjects  the  anorexia  caused  by 
lack  of  thiamine  is  a  protective  mechanism  guarding 
the  subject  against  a  high  caloric  intake.  However, 
civilized  man  on  developing  anorexia  limits  his  food 
intake  as  a  rule  not  to  smaller  amounts  of  a  balanced 
diet  but  to  crackers,  toast,  tea,  cofifee,  sugar  and  alcohol. 

Tabi.f.  3. — Factors  Intrrjcring  with  Iiificstinn 


1.  Gastrointestinal  disorders 

Acute  gastroenteritis,  gallbladder  disease,  peptic  ulcers,  diarrheal 
diseases  and  obstructive  lesions  of  gastrointestinal  tract 

2.  Neuropsychiatric  disorders 

Neurasthenia,  neurosis,  psychoneurosis,  psychoses,  migraine  and 
neurologic  disorders  interfering  with  self  feeding 

3.  .Anorexia 

Alcohol,  operations,  anesthesia,  Infectious  diseases,  congestive 
heart  failure,  thiamine  deficiency,  visceral  pain 

4.  Food  allergy 

5.  Loss  of  teeth 

6.  Pregnancy 

7.  Therapy 

Diets  restricting  ingestion  of  essential  foods 


With  such  a  diet  almost  any  of  the  deficiency  diseases 
may  develop. 

Therapeutic  measures  often  produce  deficiency  dis¬ 
eases  by  needlessly  restricting  the  ingestion  of  certain 
essential  nutritional  factors.  For  example,  diets  pre¬ 
scribed  for  patients  having  allergy,  peptic  ulcers,  biliarv 
disease,  nephritis,  hypertension,  colitis,  diabetes  or 
obesity  are  often  deficient  in  one  or  more  of  the  essen¬ 
tial  nutrients.  Such  diets  may  occasionally  produce 
more  serious  disease  than  the  original  condition  for 
which  the  diet  was  prescribed.  Especially  harmful  are 
slimming  ’  diets  published  in  newspapers.  Fortunatelv 
their  low  caloric  content  gives  some  measure  of  oro- 
techon  for  short  periods  of  time,  but,  if  persisted  in 
.serious  damage  due  to  malnutrition  may  occur.  The 

B  Vitamins 'in  a’ Qua'rt'^°T°' Adequacy  of  the 
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physician  should  discourage  such  unbalanced  diets,  but 
if  despite  advice  they  are  ])ersisted  in,  a  multi  vitamin 
preparation,  preferably  containing  the  full  daily  allow¬ 
ances  recommended  by  the  Food  and  Nutrition  Board 
of  the  National  Research  Council,"®  should  be  pre¬ 
scribed.  Even  well  planned  reducing  diets  prescribed 
by  the  physician  are  likely  to  be  short  in  the  B  vitamins. 
For  this  reason  their  supplementation  with  a  satis¬ 
factory  source  of  these  vitamins  is  desirable.  Dried 
brewers’  yeast  and  extracts  of  brewers’  yeast  may  be 
used  for  this  purpose. 

Increased  Bodily  Requirements.— Sinc\\y  speaking, 
malnutrition  caused  by  failure  to  meet  increased  bodily 
requirements  need  not  be  considered  as  conditioned, 
since  it  is  inadequate  ingestion  of  food  that  is  alone 
responsible.  Practically,  however,  when  the  metabolic 
requirement  is  increased  beyond  the  usual  or  average 
range  it  is  warranted  to  consider  this  as  a  conditioning 
factor.  Fever  increases  the  basal  metabolism  by  7.2  per 
cent  for  each  degree  F.,-®  while  strenuous  physical 
exertion  may  increase  it  as  much  as  fifteen  times  the 
basal  level.^®  The  requirement  of  many  nutritive  essen¬ 
tials  parallels  total  metabolism  whether  the  change  in 
total  metabolism  is  brought  about  by  physical  exertion, 
disease,  environment  or  drugs,  d  hese  conditions  are 
listed  in  table  4. 

The  occurrence  of  deficiency  diseases  conditioned  by 
fever,  hyperthyroidism,  pregnancy  and  lactation  are 
well  known.  Less  well  recognized  are  the  effects  of 
abnormal  physical  activity  and  unusual  environmental 
factors.  Johnson  and  his  collaborators  have  recently 
demonstrated  an  increased  requirement  of  the  B  vita¬ 
mins  conditioned  by  moderately  strenuous  physical 
activity  common  to  farmers,  soldiers  and  other  workers. 
In  a  group  of  men  subjected  to  physical  labor  equiva¬ 
lent  to  an  output  of  4,000  to  5,000  calories,  definite 
deterioration  in  physical  fitness  occurred  well  within 
one  week  of  starting  labor  with  a  diet  deficient  m  the 
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vitamin  B  complex.  Such  deterioration  could  be  pre¬ 
vented  or  cured  by  the  entire  B  complex  containing 
only  0.6  mg.  of  thiamine  daily  but  not  liy  2.0  mg.  ot 
thiamine  hydrochloride  alone.  The  applicability  of  these 
findings  to  workers  in  industry,  to  men  in  the  armed 
forces  and  to  patients  having  delirium  or  a  psychosis 
with  pronounced  increase  in  psychomotor  activity  is 

obvious.  ... 

Sunlight  has  been  recognized  as  a  precipitating  agent 
in  pellagra  since  Gheradini  in  1/92  produced  pel¬ 
lagrous  skin  lesions  on  various  pp'ts  of  the  body  by 
exposure  to  the  sun.  In  fact  this  disease  is^  known 
among  the  peasants  in  Italy  as  mal  del  sole.  Since  the 
recognition  of  pellagra  in  this  country,  many  clinicians 

Table  4. — Factors  Increasing  Nutritive  Requirement 


1.  Abnormal  activity,  as  associated  with 

Prolonged  strenuous  physical  exertion,  delirium  and  certain 
psychoses 

2.  Abnormal  environmental  factors 

Excessively  high  temperatures,  as  in  the  tropics,  in  deserts  and 
in  certain  industries 

Excessive  light  glare  as  from  snow  or  klieg  lights 

3.  Fever 

4.  Hyperthyroidism 

5.  Pregnancy  and  lactation 

6.  Therapy  such  as  thyroid,  alpha-dinitrophenol,  parenteral  dextrose 

solutions,  fever  therapy,  high  carbohydrate  diets 


have  called  attention  to  the  possible  relationship  between 
exposure  to  sunlight  and  the  development  of  the  skin 
lesions.  Others  have  confirmed  Gheradini’s  experi¬ 
ments  and  in  addition  have  shown  that  the  same 
exposure  in  normal  subjects  leads  only  to  the  develop¬ 
ment  of  a  healthy  tan.  Furthermore,  other  trauma,  such 
as  radiant  energy,  dirt,  filth  and  chemical  trauma,  is 
believed  also  to  condition  nicotinic  acid  deficient  per¬ 
sons  to  the  development  of  skin  lesions. Sunlight  not 
only  conditions  nicotinic  acid  deficient  persons  to  skin 
lesions  but  is  thought  by  some  to  play  a  role  in  con¬ 
ditioning  riboflavin  deficient  persons  to  corneal  vascu¬ 
larity.  Johnson  and  Eckhardt  have  demonstrated  the 


32.  Reviewed  by  Harris.®* 

cal^  Ma^TfSatFons^of  Pdb  m”  d‘ 


53i 


NORMAN  JOLLll-l-li 


effect  of  sunlight  in  hastening  the  onset  of  corneal 
vascularization  in  riboflavin  deficient  rats,  and  Syden- 
stricker,  Kelly  and  Weaver  suggest  the  possibility 
that  prolonged  exposure  to  bright  light  may  cause 
destruction  of  riboflavin  in  the  cornea  with  the  produc¬ 
tion  of  ocular  signs  in  the  absence  of  lesions  elsewhere. 
Mechanical  irritation  has  been  shown  to  determine  the 
localization  of  epithelial  metaplasia  in  vitamin  A  defi¬ 
ciency,®  while  ill  fitting  dentures  and  edentulousness 
which  causes  caving  in  of  the  angles  of  the  mouth  may 
condition  the  lips  to  cheilosis.^'* 

By  increasing  total  metabolism,  various  therapies 
may  produce  a  conditioned  deficiency  disease.  Drugs 
such  as  dinitrophenol,  thyroxin  and  thyroid  and  fever 
therapy  act  by  increasing  metabolism,  while  parenteral 
administration  of  dextrose,  insulin  shock  therapy  and 
high  carbohydrate  diets  act  by  increasing  the  require¬ 
ment  for  coenzymes  without  an  increase  in  total 
metabolism.®®  Many  investigators  believe  that  long  con¬ 
tinued  parenteral  administration  of  dextrose  is  dan¬ 
gerous  to  patients,  particularly  those  in  a  borderline 
state  of  nutrition.  The  oxidation  and  decarboxylation 
of  pyruvic  acid,  one  of  the  intermediate  products  of 
carbohydrate  metabolism,  requires  an  enzyme-coenzyme 
system  consisting  of  a  specific  protein  enzyme  (car¬ 
boxylase),  a  cocarboxylase  (thiamine-pyrophosphate) 
and  magnesium.  Other  essential  components  in  the 
mechanism  of  carbohydrate  oxidation  include  flavo- 
protein,  the  dietary  precursor  of  which  is  riboflavin, 
coenzymes  I  and  II,  the  dietary  precursor  of  which  is 
niacin  amide,  adenosine  triphosphate  and  the  iron  con¬ 
taining  cytochrome  system.®®  Bollman  ®^  has  demon¬ 
strated  that  rats  partially  depleted  of  their  stores  of 
B  vitamins  and  subsequently  maintained  with  dextrose 
have  a  longer  survival  time  if  thiamine  also  is  admin¬ 
istered.  No  appreciable  further  efifect  was  noted  when 
the  other  B  vitamins  were  supplied.  Apparently  the 
period  of  depletion  had  affected  the  body  stores  of 
tbiamine  more  than  it  had  the  other  factors  of  the  B 
complex.  Sydenstricker,®®  Jolliffe  and  Goodhart,®®  and 
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Si)ies  liavc  reported  the  precipitation  of  deficiency 
diseases  in  man  by  dextrose  infusions.  Sydenstricker 
believes  that  “waterlogging”  after  the  parenteral  admin¬ 
istration  of  dextrose  and  saline  solution  is  more  often 
a  manifestation  of  deficiency  than  otherwise,  d  he  pre¬ 
ventive  practice  of  simultaneously  administering  thia¬ 
mine,  riboflavin  and  niacin  amide  along  with  each 
dextrose  infusion  is  based  on  sound  theoretical  and 


practical  considerations. 

Excessive  consumption  of  carbohydrate  acts  in  the 
same  way  as  parenteral  administration  of  dextrose  and 
there  is  much  evidence  in  the  literature  that  this  is 
a  common  method  of  inducing  deficiency  diseases.^" 
Stepp  and  Schroeder  and  Germain,  Morvan  and 
Babin  have  reported  instances  of  beriberi  occurring 
in  persons  who  would  have  had  an  adequate  thiamine 
intake  except  for  their  unusually  high  carbohydrate 
diet.  Jolliffe  and  his  co-workers  have  demonstrated 
the  same  phenomenon  in  alcoholic  patients. 

Interference  with  Absorption. — As  our  knowledge  of 
deficiency  diseases  increases  it  becomes  more  and  more 
evident  that  disturbances  of  absorption  from  the  intes¬ 
tinal  tract  play  an  important  role  in  the  production 
of  deficiency  disease.  As  pointed  out  by  Beams,  Free 
and  Glenn,^^  absorption  may  be  impaired  because  of 
anatomic,  chemical  or  physiologic  changes.  These 
changes  are  niediated  by  reduced  absorbing  surfaces, 
altered  secretions  and  hypermotility,  and  further  modi¬ 
fied  by  various  alkalis,  adsorbents  and  lubricants  intro¬ 
duced  by  the  mouth.  The  more  common  of  these 
conditioning  factors  are  listed  in  table  5. 

In  the  diarrheal  diseases  hypermotility  plays  the  most 
important  role,  since  the  rapid  passage  of  food  through 
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the  intestinal  tract  leaves  little  time  for  digestion,  solu¬ 
tion  and  absorption  of  the  essential  factors.  In  the  more 
chronic  diarrheal  states,  as  in  s])rue  or  chronic  ulcera¬ 
tive  colitis,  reduction  of  ahsorl)ing  surfaces  may  be 
equally  important,  d'he  clinical  importance  of  diarrhea 
in  producing  deficiency  disease  is  evidenced  by  the 
many  recent  reports  of  pellagra,  lieriberi,  scurvy, 
riboflavin  deficiency,  vitamin  A  deficiency,  protein 
deficiency  edema  and  hypocalcemia  induced  hy  this 
conditioning  factor. 

Achlorhydria  may  impair  the  absorption  of  ascorbic 
acid  and  of  thiamine.^'  Because  of  its  prevalence 
particularly  in  elderly  people,  achlorhydria  always 
should  be  suspected  in  unexplained  malnutrition,  and 
malnutrition  should  be  looked  for  in  every  subject 
having  achlorhydria. 

I'he  role  of  bile  salts  in  the  absorption  of  the  fat 
soluble  vitamins,  particularly  K,  is  so  w'ell  known  ■** 
that  it  needs  only  to  be  mentioned. 

The  role  of  vitamin  deficiencies  themselves  in  acting 
as  a  conditioning  factor  by  impairing  absorption  is  just 
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beginning  to  be  recognized.  T.  he  intestinal  absoiption 
of  galactose  and  probably  other  sugars  is  impaired  in* 
experimental  B  complex  deficiencies  in  the  rat  and 
in  the  dog.®®  Groen  has  shown  reduced  absorption 
of  dextrose  in  deficiency  states,  and  Beams,  h  ree  and 
Glenn  have  also  shown  impaired  absorption  of  galac¬ 
tose  from  the  intestinal  tract  in  patients  sufifering  from 
pellagra,  sprue  and  rosacea  keratitis.  After  therapy, 
absorption  returned  to  normal  in  the  pellagrins  and  in 
some  of  the  patients  with  rosacea  keratitis,  but  in  none 
of  the  patients  with  sprue.  Lepore  and  Golden  have 
reported  x-ray  evidence  of  a  characteristic  small  intes¬ 
tine  lesion  in  some  cases  of  deficiency  diseases  which 
could  be  cured  by  B  complex  therapy.  They  believe 
that  the  impaired  absorj^tion  was  caused  by  disturbances 
in  motility.  Recent  reports  indicate  that  carcinoma  of 

Table  5. — factors  liiterfcriiu/  zoitli  Absorption 


1.  Gastrointestinal  diseases  associated  with  hypennotility  or  rednetion 

of  absorbing  surfaces 

2.  .Achlorhydria 

3.  Biliary  disease,  e.si>eeially  oi)Struetive  jaundiee 

4.  Vitamin  deficiency 

5.  Therapy 

Liquid  petrolatum,  colloidal  adsorbents,  severe  catharsis,  gastric 
or  intestinal  resections  ami  short  circuiting  oi>erations 


the  intestinal  tract  causes  defective  absorption  of  vita¬ 
min  A  which  can  be  corrected  by  B  complex  therapy. 

I'herapy  may  play  an  important  role  in  interfering 
with  absorption.  Gastrointestinal  surgery,  particularlv 
resection  and  short  circuiting  operations,®'^  has  lon^ 
been  known  to  produce  macrocytic  anemia  similar  to 
addisonian  pernicious  anemia,  and  there  are  many  case 
reports  to  indict  it  as  a  factor  in  the  production  of 


49.  Leonards,  J.  K.;  Free,  A.  H.,  and  Myers,  V.  C  •  The  Fffeet 

Vitamin  B  Deficiency  in  the  Intestinal  Absorption  of  Galactose  in  the  R -it 
Am.  Chem.  Soc.  Spring  Meet.,  Memphis,  Term.,  1942. 

50.  Free,  A.  H.;  Leonards,  J.  R.,  and  Myers,  V.  C.:  Studies  on  the 
Absorption  and  Metabolism  of  Galactose  and  Glycine  in  Dogs  with  Vdaniin 
B  Deficiency,  meeting  of  Am.  Soc.  Biol.  Chemists,  Boston.  April  1942 

■  Absorption  of  Glucose  from  the  Small  Intestine 

in  Deficiency  Disease,  New  England  J.  Med.  318:247  (Feb  10)  1938 
52.  Lepore,  M.  J.,  and  Golden,  Ross:  A  Syndrome  Due  tr.  ri»fi  •  ' 

749  (Nov)  1941.  c.tinai  irait,  J.  Uin.  Investigation  30: 

54.  Mcl.ester,  J.  S.;  Personal  conimunication  to  the  author. 
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other  deficiency  syndromes.®®  Ingestion  of  liquid  petro¬ 
latum  daily  or  almost  daily  is  a  common  practice  among 
many  people  who  are  well  except  for  constipation  of 
varying  degrees.  That  such  an  agent  interferes  with 
the  absorption  of  fat  soluble  vitamins  has  been  indi¬ 
cated  by  a  number  of  observers.®® 

Interference  with  Utilisation. — This  factor  is  extremely 
complex  and  difficult  for  direct  experimental  verifi¬ 
cation.  Evidence  for  interference  with  utilization  is 


largely  circumstantial.  In  the  presence  of  an  adequate 
intake  it  is  necessary  to  rule  out  malabsorption, 
increased  destruction  in  the  bowel,  excessive  excretion 
and  abnormal  requirement  before  concluding  that  utili¬ 
zation  is  defective.  It  is  known  for  instance  that  the 


body  must  convert  carotene,  to  vitamin  A,  phosphorylate 
thiamine  to  cocarboxylase  and  convert  nicotinic  acid  as 
its  amide  to  coenzymes  I  and  II,  and  that  riboflavin  is 
essential  to  more  enzyme  systems  than  any  other  of  the 
known  vitamins.  Some  of  these  changes  may  occur  in 
tissue  cells  in  general,  but  the  evidence  at  this  time 
indicates  that  the  liver  is  the  main  organ  in  which 
these  processes  take  place.  Be  that  as  it  may,  it  is  in 
hepatic  disturbances  that  malutilization  is  most  fre¬ 
quently  encountered.  In  the  presence  of  liver  dys¬ 
function  these  disturbances  may  be  due  not  only  to 
failure  of  conversion  but  to  inability  of  the  liver  to 
store  a  nutrient.  The  body  is  then  dependent  on  the 
day  to  day  intake.  This  intake  naturally  varies,  with 
the  result  that  an  excess  today  cannot  be  stored  for  a 
deficit  almost  certain  to  occur  on  some  future  day. 


SS  Meulengracht,  E. :  Pernicious  Anemia  in  Intestinal  Stricture, 

Acta  med.  sfand.  78:231,  1929.  Strauss.  M.  B.:.  The  Role  ^  the 
(Jastrointestinal  Tract  in  Conditioning  Deficiency  Disease,  J.  A.  M.  A. 
103"  1  (July  7)  1934.  Richardson,  Wyman:  Pernicmus  Anemia  Due 
to  InterSerostomy:  Report  of  a  Case  Cured  by  Reoperation.  New 

56.  Dutcher^  R.  XIX.  The  Assimilation  of  Carotene  and 

n  The  Presence  of  Mineral  Oil,  J.  Nutrition  8:  269  (Sept.) 
\  itamin  A  Kline  E.  M.:  Influence  of  Liquid  Petrolatum 

Sinod  C^nteni’of  CaSen;  in  Human  Beings.  Arch.  Int.  Med.  63: 
M  (/.n  )  WJS  And°[sen.  Oluf:  Induce;  of  Liqmd 
Ateorption  Man,  Acta  .’..d  Mtocal  OH 

Isaacs,  Bertha,  and  Ivy,  A.  C..  1  r^uctu n  ot  ^ 

and  Response  to  Vitamins  A,  D  and  K,  A  '  •  yy  .  Absorption 

43:  240  (Feb.)  1940.  van  Eckelen,  M.,  and  Pannevi^  tTan^29) 

of  Carotenoids  from  the  Human  Studies-  XIII.  The 

1938.  Shelling.  D.  .11.:  Calcium  and  ^ 

Effect  of  Emulsification  on  the  Potency  of  Viosterol 
KU-kets  in  Children.  J.  Pediat.  10:748  (June)  193/. 
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1  he  more  common  illnesses  associated  with  impaired 
utilization  are  listed  in  table  6.  A  tissue  deficiency  m 
vitamin  A  attributable  to  impaired  conversion  of  caro¬ 
tene  to  vitamin  A  has  been  reported  in  liver  cirrhosis,^ 
diabetes  mellitus,®*  obstructive  jaundice  and  hypo- 
thyroidisiTi.®^  The  low  plEsnia.  levels  of  vitamin^  A 
observed  at  times  in  patients  having  gastrointestinal 
cancer  have  been  explained  as  a  failure  to  utilize  due 
to  hepatic  dysfunction.®"  The  high  frequency  of  nutri¬ 
tional  diseases  in  chronic  alcohol  addicts  is  well 
known.  Hepatic  dysfunction  undoubtedly  plays  a  role 
in  these  cases.  The  prevalence  of  abnormal  dark  adap¬ 
tation  in  hypothyroidism  has  been  thought  to  imply 
that  the  thyroid  hormone  plays  a  part  in  the  conversion 
of  the  carotene  to  vitamin  A.®" 

Table  6. — Factors  Interfering  zvith  Utilisation 


1.  Hepatic  dysfunction,  as  in 

Liver  disease,  diabetes  inellitus,  alcoholism 

2.  Hypothyroidism 

3.  Malignancy 

4.  Therapy 

Sulfonamide  drugs,  radiation  tlierapy,  phenytoin 


Therapy  also  may  interfere  with  the  utilization  of 
vitamins.  Although  deficiency  disease  produced  by 
sulfonamide  compounds  has  been  attributed  mainly  to 


57.  Ralii,  Elaine  P.;  Papper,  Emanuel;  Paley,  Karl,  and  Bauman,  Eli 

Vitamin  A  and  Carotene  Content  of  Human  Liver  in  Normal  and  Diseased 
Subjects:  Hundred  and  Sixteen  Human  Livers 

:  102  (July)  1941.  Ralli,  Elaine  P.;  Bauman  Eli' 
and  Roberts  K  B.:  The  Plasma  Levels  of  Vitamin  A  After  Ingestion 
of  Standard  Doses:  Studies  m  Normal  Subjects  and  Patients^  with 
Cirrho^s  of  the  Liver,  J  Clin.  Investigation  30:709  (Nov.)  1941 
Haig,  Charles  and  Patek,  A.  J.,  Jr.;  Vitamin  A  Deficiency  in  L^nnec’s 
Cirrhosis:  The  Relative  Significance  of  the  Plasma  vftamin  A  and 
Carotenoid  Levels  and  the  Dark  Adaptation  Time,  ibid.  21:  309  (May) 

58.  Brazer,  J.  G.,  and  Curtis,  A.  C.:  Vitamin  A  Deficiency  in  Diabetes 

Mellitus,  Arch.  Int.  Med.  65:90  (Jan.)  1940  ^  uiaoetes 

59.  Stewart,  J.  D.,  and  Rourke,  G.  M.:  Vitamin  A  Metabolism  in 
Obstru^ive  J^nd.ce,  J  Cl.n  Investigation  20:  453  (July)  1941 

60.  Wohl,  M.  G.,  and  Feldman,  J.  B.:  Vitamin  A  De^iency  in  Dis¬ 
ease  of  the  Thyroid  Gland:  Its  Detect  on  bv  DarW  c-  j 

crinology  24:  389  (March)  1939  Adaptation,  Endo- 

61.  Jolhffe,  Norman;  Vitamin  Deficiencies  and  Liver  Cirrhosis  in 

loin^  I’  J-  Stud,  on  Alcohol  i  f  517 

(Dec.)  1940;  Vitamin  Deficiencies  and  Liver  Cirrhosis  in  Alcoholism- 
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sterilization  of  the  intestinal  tract  and  inhibition  of 
intestinal  synthesis  of  certain  factors.®-  West®®  has 
shown  that  diarrhea  and  weight  loss  in  dogs  induced 
by  nicotinic  acid  deficiency  and  correctable  by  giving 
nicotinic  acid  was  not  corrected  if  sulfapyridine  was 
given  with  the  nicotinic  acid.  On  the  other  hand,  raw 
liver  would  cure  these  dogs  even  in  the  presence  of 
sulfapyridine,  suggesting  that  sulfapyridine  inhibits  the 
action  of  nicotinic  acid  but  not  of  the  preformed  coen- 
zyines  present  in  raw  liver.  To  test  out  the  clinical 
importance  of  this  finding  I  have  maintained  5  pel¬ 
lagrins  in  relapse  with  a  basal  diet  poor  in  nicotinic 
acid  and  administered  sulfapyridine  in  sufficient  quan¬ 
tities  to  obtain  a  blood  level  of  8  to  12  mg.  One  Gm. 
of  sulfapyridine  was  thereafter  administered  every  four 
hours,  and  400  to  1,000  mg.  of  nicotinic  acid  was 
administered  by  mouth  daily.  All  the  signs  and  symp¬ 
toms  of  pellagra  responded  as  promptly  as  could  be 
expected  if  sulfapyridine  had  not  been  administered. 
With  the  doses  of  nicotinic  acid  given  (probably  exces¬ 
sive)  I  failed  in  these  few  cases  to  observe  any  inhibit¬ 
ing  effect  of  sulfapyridine. 

Rhoads  ®'‘  has  produced  cancer  in  susceptible  rats  by 
administering  a  carcinogen.  This  action  was  completely 
prevented  by  feeding  yeast  and  partially  prevented  by 
riboflavin  and  casein.  With  in  vitro  experiments  it 
then  was  shown  that  butter  yellow  blocked  the  function 
of  coenzyme  I.  A  constituent  of  this  enzyme  is  nico¬ 
tinic  acid  amide.  Rhoads  concluded  that  the  adminis¬ 
tration  of  at  least  one  carcinogenic  chemical  injured 
normal  cells  by  interfering  in  some  way  with  an  enzyme 
system  which  is  essential  for  their  normal  chemical  and 
so  their  normal  life.  4  he  results  suggested,  furthermore, 
that  this  principle  of  the  poisoning  by  a  specific  chemical 
of  at  least  one,  and  possibly  more  than  one,  normal 
enzyme  system  caused  the  normal  cell  to  become  a 
cancer  cell.  .  .  •”  Furthermore,  these  studies  “sug- 

<rcst  the  liecessitv  of  a  complete  and  precise  exami¬ 
nation  of  a  large  number  of  patients  having  malignant 


Haft  S  S  •  Ashburn  W.  I..,  and  Sebrell,  W.  Hy  Biotin  Deft- 
ci,ncV“;’othe?  rhtS«'  in  Ra.s  G-en  Sntf™ilyl«u,n..l,ne  »r  Succn,!- 
sulfathiazole  in  Purified  Diets,  Science  9<>  .  321  (Oct.  2)  Curative 
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neoplasms  in  order  to  ascertain  whether  or  not  they 
show  any  evidence  of  an  interference  with  chemical 
systems  of  which  vitamins  form  essential  compounds. 
Drake  and  his  co-workers  have  shown  in  guinea  pigs 
that  phenytoin  produces  a  rapid  and  piogiessive  fall 
in  the  blood  ascorbic  acid  level  and  recently  he  ®®  has 
shown  that  phenytoin  lowers  the  hlood  ascorbic  acid 
level  in  human  beings.  Similarly  radiation  sickness  has 
been  attributed  to  failure  of  coenzyme  formation  from 
thiamine  or  nicotinic  acid  or  both.®^ 

I ncvcased  Excretion. — The  role  of  increased  excre¬ 
tion  of  vitamins  in  the  production  of  malnutrition  has 
received  little  attention,  although  the  production  ^  of 
hypoproteinemia  by  albuminuria,  and  salt  depletion 
either  by  excessive  sweating  or  by  polyuria,  are  well 
known  phenomena.  The  possible  factors  causing 
increased  excretion  are  listed  in  table  7.  I  know  of  no 
case  report  in  the  literature  in  which  a  vitamin  defi¬ 
ciency  was  thought  to  be  produced  solely  by  this  con¬ 
ditioning  factor.  Cowgill  ®®  has  shown,  however,  that 
vitamin  deficiency  symjitoms  appear  earlier  in  dogs 
maintained  with  a  forced  water  intake  than  in  dogs 
that  were  permitted  to  drink  water  ad  libitum.  He 
attributed  this  to  increased  excretion  of  vitamin  B^. 
The  possibility  of  “washing  out”  the  water  soluble 
vitamins  must  therefore  he  considered  in  uncontrolled 
diabetes  mellitus  and  diabetes  insipidus.  The  loss  of 
vitamins  by  lactation  may  be  a  preci])itating  factor  for 
deficiency  diseases.  I  have  seen  3  patients  with  severe 
gestational  polyneuropathy  who  had  had  only  minor 
symptoms  during  pregnancy  but  who  rapidly  developed 
severe  polyneuropathy  during  the  second  week  post 
partum.  It  was  felt  that  the  drain  of  lactation  was  the 
final  straw  in  the  pathogenesis  of  this  severe  thiamine 
deficiency. 


Alethods  foi  detei  mining  vitamins  m  the  sweat  are 
technically  difficult  and  not  yet  satisfactory,  so  that  the 

65.  Drake,  M.  E.;  Gruber  C.  M.;  Haury,  V.  G.,  and  Hart,  E.  R~ 
The  Effects  of  Sodium  Diphenyl  Hydantoinate  (Dilantin)  on  Blood 

?83  (Aug  )"‘l94r  Exper.  Therap.  S 

66.  Drake,  M.  E.:  I’ersonal  communication  to  the  author. 
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practical  significance  of  vitamin  depletion  by  excessive 
perspiration  has  yet  to  be  shown  convincingly. 

By  increasing  excretion,  therapy  may  contribute  to 
the  production  of  deficiency  disease.  The  forcing  of 
fluids,  especially  over  long  periods  of  time  as  in  certain 
urinary  tract  infections,  and  the  loss  of  fluids  by  diuresis 
as  in  anasarca  may  be  the  last  straw  required  to  pro¬ 
duce  a  deficiency.  Salicylates  have  been  reported  to 
increase  urinary  excretion  of  ascorbic  acid,  but  You- 
mans  and  his  co-workers  could  not  confirm  this 
observation. 

Increased  Destruction. — Increased  destruction  of  vita¬ 
mins  may  occur  in  the  gastrointestinal  tract  prior  to 

Table  7. — Factors  Increasing  E.xcretion 


1.  Polyuria,  as  In 

Diabetes  mellitus,  diabetes  insipidus 

2.  Lactation 

3.  Excessive  perspiration 

4.  Therapy 

Long  continued  excessive  fluid  intake,  as  in  urinary  tract 
infections 


Table  8. — Factors  Increasing  Destruction 


1.  Achlorhydria 

2.  Lead  poisoning  ?;  trinitrotoluene  poisoning  ? 

3.  Therapy 

Alkalis,  sulfonamides,  arsenicals 


absorption  or  in  the  tissues  following  absorption.  The 
conditioning  factors  thought  to  cause  increased  destruc¬ 
tion  of  vitamins  in  human  beings  are  listed  in  table  8. 
This  list  does  not  include  either  induced  thiamine  defi¬ 
ciency  in  animals  caused  by  enzymatic  destruction  of 
thiamine  by  raw  carp  or  of  biotin  deficiency  in  man 
induced  by  egg  w'hite  injury,  as  neither  has  been  shown 
to  occur  spontaneously  in  man,  although  neither  is 
beyond  possibility. 


69.  Daniels,  Amy  L.,  and  Everson  Gladys  J.: 
salicylic  Acid  (Aspirin)  on  Urinary  Excretion  ot  AscoHj.c  Acid,  Pr^. 
Soc.  Exper.  Biol.  &  Med.  35:20  (Oct )  1936  D.;  Samuels 
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Green  and  Coombes and  their  associates  have 
shown  thiamine  deficiency  to  be  the  cause  of  Chastek 
paralysis  in  silver  foxes.  This  deficiency  was  caused 
by  raw  carp,  which,  when  mixed  with  the  food,  causes 
rapid  destruction  of  thiamine.  Cooking  the  carp  effec¬ 
tively  destroys  its  ability  to  inactivate  thiamine.  It  is 
not  known  whether  any  other  variety  of  fish  has  this 
ability.  I  have  recently  examined  four  ship-wrecked 
sailors  whose  diet  for  forty-eight  days  consisted  chiefly 
of  raw  fish  and  raw  turtle.  None  of  these  men  showed 
clinical  evidence  of  thiamine  deficiency,  and  their  blood 
thiamine  levels  were  within  normal  range. 

Induced  biotin  deficiency  in  man  has  been  produced 
experimentally  by  Sydenstricker  and  others.^®  He 
accomplished  it  by  severe  dietary  restriction  plus  the 
feeding  of  large  amounts  of  raw  egg  white.  The  avid- 
albumin  in  egg  white  presumably  “fixes”  the  biotin 
in  the  intestinal  tract. 


The  susceptibility  of  ascorbic  acid  and  thiamine  to 
destruction  in  alkaline  environment  has  led  to  some 
investigation  of  the  role  played  by  achlorhydria  and 
alkaline  therapy.  Alt,  Chinn  and  Farmer  have  shown 
a  65  per  cent  destruction  of  ascorbic  acid  in  three  hours 
at  a  pa  of  7.95,  representing  achlorhydric  gastric  juice, 
and  obtained  results  on  patients  with  achlorhydria  sug¬ 
gesting  decreased  assimilation  of  ascorbic  acid.  Kendall 
and  Chinn  have  obtained  from  the  gastric  contents  and 
feces  of  achlorhydric  patients  bacteria  which  destroy 
ascorbic  acid  and  suggest  “that  the  ascorbic  acid 
fermenting  strains  may  gain  the  ascendency  in  the 
alimentary  canal  of  certain  persons,  leading  in  them 


1  Paralysis  in  Nursing  Fox  Pups,  ibid  11’ 
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to  a  detectable  ascorbic  acid  deficit.”  W’rigbt  and 
Ludden  have  also  observed  signs  of  vitamin  C 
deficiency  in  persons  with  achlorhydria  in  spite  of  a 
liberal  ascorbic  acid  intake.  They  were  abso  able  to 
demonstrate  lack  of  absorption  in  these  snlijects  after 
an  oral  test  dose. 

Melnick,  Robinson  and  Field  have  shown  that 
thiamine  is  stable  in  gastric  juice  over  a  pa  range  of 
1.5  to  8.0  during  sixteen  hours  of  incubation.  In  the 
presence  of  added  antiacids  the  thiamine  is  completely 
destroyed,  and  in  the  presence  of  bile  or  pancreatic 
juices  50  *to  90  per  cent  was  destroyed.  The  same 
investigators  noted  subnormal  urinary  excretion  of  a 
test  dose  of  thiamine  in  subjects  who  were  given  alkalis. 
Tests  in  this  laboratory  by  Goodhart  also  indicate 
that  achlorhydria  may  interfere  with  the  absorption  of 
thiamine. 

Recent  investigations  indicate  that  some  of  the  vita¬ 
mins,  particularly  ascorliic  acid,  may  play  a  prominent 
role  in  the  detoxications.  Martin,  Fisher  and  Thomj)- 
son  have  reported  that  ascorbic  acid,  cystine,  amino- 
acetic  acid  and  calcium  gluconate  definitely  reduced  the 
acute  toxic  manifestations  of  sulfanilamide,  sulfathiazole 
and  sulfapyridine  in  rats,  while  thiamine  and  nicotinic 
acid  were  ineffective.  Holmes  and  his  associates  have 
concluded  that  toxic  lead  compounds  react  with  ascorbic 
acid  to  form  a  poorly  ionized  nontoxic  salt  of  lead.  The 
data  of  Farmer,  Abt  and  Aron  indicate  that  the 
lowering  of  ])lasma  ascorbic  acid  in  neoarsphenamine 
therapy  may  be  tbe  consecjuence  of  an  attempt  on  the 
part  of  the  body  to  detoxify  the  drug,  d'he  recent 
findings  of  Drake'"  on  phenytoin,  previously  discussed 
in  the  section  on  malutilization.  also  may  Ix'  explained 
as  a  diversion  of  ascorbic  acid  to  detoxify  this  drug. 


COiXCIA’DINC.  COM  MENT 

The  term  malnutrition  signifies  not  a  dietary  inade- 
<iuacy  hut  a  tissue  deficiency  of  an  es.sential  nutrient. 
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This  tissue  deficiency  may  be  caused  by  the  failure  to 
ingest  an  adequate  diet.  This  tissue  deficiency  may 
also  he  caused  by  factors  which  interfere  with  ingestion, 
absorption  or  utilization  of  essential  nutrients  or  by 
factors  that  increase  the  requirement  for  vitamins,  their 
destruction  or  excretion.  These  are  known  as  con¬ 
ditioning  factors  and  when  a  deficiency  disease  is 
produced  through  their  mediation  it  is  known  as  a  con¬ 
ditioned  deficiency  disease  or  conditioned  malnutiition. 
The  more  common  illnesses,  physiologic  factors  and 
therapeutic  measures  that  may  produce  a  conditioned 
deficiency  disease  have  been  listed  and  briefly  discussed, 
d'hese  findings  warrant  the  conclusion  that  many  dis¬ 
eases  and  some  of  the  therapeutic  measures  used  to 
combat  them  interfere  with  nutrition  and  are  potent 
factors  in  the  j^rodiiction  of  deficiency  diseases.  It  is 
also  an  inescapable  conclusion  that  the  treatment  of 
malnutrition  is  in  each  person  an  individual  medical 
problem  requiring  exact  diagnosis  and  therapeutic 
measures  which  cannot  with  safety  be  left  in  the  hands 
of  nonmedical  persons.  The  physician  who  does  so  is 
derelict  in  his  duty  to  his  patient. 


CHAPTER  XXV 


PRINCIi’LES  OF  DIET  IN  THE 
TREATMENT  OF  DISEASE 

TOM  D.  SPIES,  M.D. 

CINCINNATI 

Although  the  importance'  of  diet  in  the  treatment  of 
disease  was  emphasized  by  Greek  and  Roman  phy¬ 
sicians,  a  true  conception  of  the  value  of  food  as  a  thera¬ 
peutic  agent  has  been  gained  only  in  recent  years.  The 
many  ramifications  of  our  knowledge  concerning  food 
could  not  be  listed,  let  alone  described  adequately, 
within  the  scope  of  this  paper.  The  administration  of 
indicated  foodstuffs  or  their  specific  constituents  to 
persons  with  specific  deficiency  diseases  is  followed  by 
miraculous  improvement.  The  judicious  use  of  these 
specific  substances  as  therapeutic  agents  is  revolu¬ 
tionizing  the  practice  of  medicine.  Even  more  benefits 
to  mankind  would  follow  the  application  of  this  knowl¬ 
edge  toward  the  prevention  of  these  nutritional  diseases. 
Certain  it  is  that  proper  nutrition  is  essential  for  the 
health  and  vigor  of  the  higher  forms  of  life,  and  every 
living  cell  in  the  human  body  requires  specific  nutrients. 
Though  the  cell  must  have  these  nutrients,  some  of  them 
it  cannot  always  make.  Accordingly,  they  must  be  sup¬ 
plied  if  the  body  is  to  function  normally. 

Respiration  and  growth  of  cells  involve  the  syn¬ 
thesis  of  complex  substances  from  simple  ones.  When 
the  available  simple  compounds  are  inadequate  to  supply 
the  needs  of  the  body,  as  the  result  of  inadequate 
assimilation,  increased  demand,  increased  loss  or  a 
decreased  supply,  a  disorder  is  initiated  and  factors 
which  operate  to  maintain  nutritional  balance  are 
brought  into  play.  These  beneficial  mechanisms  may 
act  very  efficiently  at  first  and  against  lesser  odds  when 
the  detrimental  factors  are  not  too  protracted.  Exces¬ 
sive  physical  exercise,  acute  infections  and  fever  affect 
adversely  those  factors  which  tend  to  maintain  nutri¬ 
tional  balance.  In  the  beginning  of  many  deficiency 
diseases,  levels  of  the  essential  substances  in  some  tis¬ 
sues  are  decreased  at  the  expense  of  others.  In  other 
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wolds,  there  is  a  protective  homeostatic  control  of  the 
stcjiage  and  distribution  of  many  of  these  substances 
vital  to  the  cells.  Equilibration  becomes  more  and  more 
difficult  to  achieve  as  time  goes  on.  One  could  say, 
perhaps  arbitrarily,  that  the  dietary  deficiency  develop¬ 
ment  is  under  way  and  that  at  least  a  biochemical  lesion 
is  present.  When  this  lesion  is  severe  enough,  func¬ 
tional  disturbances  arising  from  various  parts  of  the 
body  become  manifest.  \''asomotor  instability  in  the 
skin,  functional  disorders  of  the  alimentary  tract,  ner¬ 
vous  system  or  circulatory  system  may  occur.  There 
is  no  regular  order  to  the  appearance  of  these  symptoms, 
and  presumably  they  are  affected  by  hereditary  pre¬ 
disposition  or  trauma  in  the  wear  and  tear  of  everyday 
life.  Certain  it  is  that  the  clinical  picture  is  complex 
and  is  composed  of  an  infinite  variety  of  symptoms. 
After  many  months  of  severe  or  persistent  symptoms, 
accompanied  perhaps  by  slight  chemical  and  physiologic 
alterations,  structural  changes  begin  to  appear  in  the 
various  tissues,  and  ultimately  the  clinical  diagnosis  can 
be  made. 

The  practicing  physician  who  at  last  is  called  on  to 
treat  a  case  of  clinical  deficiency  disease  is  faced  with 
a  nutritive  breakdown.  Yet  he  has  little  information 
of  the  previous  nutritional  status  of  the  patient,  a  factor 
of  great  importance  in  restoring  and  maintaining  his 
health.  Since  1936  my  associates  and  I  have  been 
faced  with  the  same  problem  and,  like  the  practicing 
physician,  we  realized  the  necessity  of  initiating  immedi¬ 
ate  therapy.  At  the  same  time,  however,  we  have  been 
especially  interested  in  devising  methods  of  persistent 
therapy  of  a  type  which  would  eliminate  such  dicta  as 
“once  a  pellagrin,  always  a  pellagrin.”  Accordingly,  in 
treating  each  patient  we  began  the  long  and  arduous 
task  of  determining  the  factors  responsible  for  his 
nutritive  breakdown,  for  it  is  only  by  their  elimination 
that  one  can  avoid  recurrences.  This  paper  is  concerned 
with  the  principles  of  practical  therapy  which  have  been 
derived  from  the  application  of  the  methods  outlined  to 
thousands  of  our  cases  during  the  past  several  years. 
While  other  investigators  have  made  similar  studies,  we 
are  somewhat  more  familiar  with  what  we  have  done. 
Accordingly,  we  are  reporting  our  methods  in  some 
detail  with  the  assurance  that  they  would  have  tlie 
general  supj)ort  of  other  inve.stigators  in  the  field. 
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The  essence  of  successful  treatment  is  early  and 
accurate  diagnosis.  The  diagnosis  of  clinical  conditions 
and  the  assessment  of  the  nutritional  status  of  a  patient 
and  his  family  can  best  he  made  by  a  conservative  inter¬ 
pretation  of  the  data  from  a  dietary  and  food  survey, 
a  complete  medical  history  and  physical  examination, 
and  special  laboratory  determinations.  The  brief  out¬ 
lines  which  follow  serve  in  our  hands  to  gathei  paitial 
information  of  the  type  needed.  As  in  any  other  field 
of  medicine,  we  attempt  to  gather  infoi  mation  about 
the  person  as  well  as  his  disease;  accordingly,  it  is 
impossible  to  give  an  outline  which  would  suffice  in  all 
details  for  every  person. 

DIETARY  ASSESSMENT 

It  is  of  primary  importance  to  obtain  a  nutrition  his¬ 
tory  when  the  patient  is  first  seen.  If  the  diet  is  found 
inadequate,  tentative  nutritional  deficiencies  are  sus¬ 
pected,  even  though  there  is  no  diagnostic  clinical  mani¬ 
festation  at  the  time.  In  such  instances,  repeated  dietary 
evaluation,  laboratory  studies  and  general  clinical  check¬ 
ups  are  made.  If  the  diet  seems  adequate  to  meet  nor¬ 
mal  nutritional  requirements  and  the  patient  has  lesions 
of  nutritional  failure,  we  begin  our  search  for  some 
condition  which  is  increasing  the  nutritive  requirements 
or  interfering  with  the  absorption  or  utilization  of 
nutrients.  For  several  years  we  have  used  the  type  of 
nutrition  history  shown  in  table  1  and  have  found  it 
satisfactory  for  the  initial  studies  of  a  person  suspected 
of  nutritional  imbalance.  Since  we  have  placed  our¬ 
selves  in  the  position  of  the  practicing  physician,  we 
believe  this  type  of  history  will  be  a  valuable  aid  to  him 
in  collecting  data  for  a  precise  diagnosis  and  treatment. 
I'his  can  best  be  illustrated  by  the  case  shown  in  table  2. 
By  comparing  the  food  eaten  by  the  patient  whose  nutri¬ 
tion  history  is  shown  here  with  the  food  she  needs,  it  is 
apparent  that  her  diet  falls  far  short  of  being  satis¬ 
factory.  Although  this  type  of  nutrition  study  does  not 
allow  an  accurate  calculation  of  the  various  nutrients 
in  the  dietary,  it  has  the  advantage  of  not  requiring 
a  great  deal  of  time  or  special  training  on  the  part 
of  the  persons  taking  or  evaluating  the  data. 

We  have  found  it  desirable  to  make  a  thorough 
inventory  of  the  income  and  food  resources  of  the 
patient  and  his  lamily,  though  it  is  time  consuming  for 
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TRLATMliXr  OF  DISEASE 

not  infrequently  this  material  gives  us  a  lead  in  detei- 
niining  the  adequacy  of  his  diet.  If  the  income  is  low 
and  food  resources  are  meager,  it  is  almost  certain  that 
the  diet  has  been  inadequate  and  it  is  desirable  to  study 
the  nutritional  status  of  the  patient  very  carefully.  We 
wish  to  point  out,  however,  that  it  is  fallacious  to  con¬ 
sider  that  an  adequate  or  even  a  liberal  income  means 


Tabi.e  l.—Casc  llhisiratiiui  Ihisalisfactory  Did 


Food 

.Milk . 

Kgg.s . 

.Meats: 

I.eau  beef,  liver,  lamb, 
veal,  lean  ham  or 
pork,  chicken  or  fish 
Salt  pork . 

Vegetables  and  Fruits: 
Tomato,  orange  or 
grapefruit 

Potato  or  sweet  potato 
Dried  vegetables  or  nuts 
Leafy  green  and  yellow 
vegetables 

Other  vegetables  and 
fruits 

Bread:  enriched  or  whole 
grain 

CereaF-whole  grain . 

Desserts . 

Sugar  and  syrup . 

Butter  or  fortified  oleo¬ 
margarine 


.Amount 

Recommended  for 
an  .Adequate  Diet  * 

■Z  cups  daily 
l!-4  weekly 

51)  small  servings 
weekly 


5  servings  weekly 

1-2  servings  daily 
4  servings  weekly 
C  serv’ings  weekly 

6  servings  weekly 
At  every  meal 

.At  least  1  serving 
tlaily 

1  serving  daily 
As  desired 

2  tablespoons  daily 


Amount  Used  by 
Patient 

f  1  cup  daily 

t  2  weekly 

t  1  medium  size  serving 
of  fish  once  a  month 

1  serving  daily  (about 
1  ounce) 

t  None 

t  3  servings  weekly 
1  serving  daily 
t  3  servings  weekly 

t  Seldom  used 

t  Liberal  amount,  but 
none  of  it  enriched 
or  whole  grain 

t  1  serving  daily  but 
not  whole  grain 

t  None 

Moderate  amount 

Liberal  amount  of 
pork  fat 


•  *  “Planning  Diets  by  the  New  Yardstick  of  Good  Nutri¬ 

tion,  Bureau  of  Home  Economics,  United  States  Department  of  Aeri- 
culture,  Washington,  July  1941. 

t  Indicates  foods  of  which  patient  did  not  eat  sufficient  amounts, 

that  the  diet  lias  been  adetpiate.  Many  persons  who 
have  liberal  funds  available  for  food  fail  to  eat  a  proper 
diet.  Others  whose  income  is  on  first  glance  seemingly 
too  low  to  provide  a  good  diet,  by  careful  budgeting 
and  a  wise  selection  of  food,  manage  to  get  what  they 
need  to  meet  their  nutritive  requirements.  But  there 
is  a  point  below  wbich  the  income  and  food  resources 
cannot  fall  and  still  provide  an  adequate  diet.  For 
example,  Ave  found  that  the  minimum  cost  of  the  food 
needed  to  satisfy  National  Research  Council  standards 
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for  a  family  of  live,  living  in  this  geographic  location, 
to  be  $8.60  a  week,  whereas  a  particular  family  we 
had  studied  had  a  food  allowance  of  $2.50.  No  other 
sources  of  food,  such  as  a  garden,  chickens  or  livestock, 
were  available  to  them. 

Frequently,  trained  observers  keep  an  accurate  record 
of  the  patient’s  food  intake  for  a  period  of  a  week  or 
more  at  various  seasons  of  the  year.  From  this  the 
nutritive  value  of  the  dietary  is  evaluated  and  the  degree 
of  deficiency  of  his  diet  is  correlated  with  clinical  find¬ 
ings  and  laboratory  tests.  Although  such  a  study  gives 
interesting  results  and  has  been  of  some  value  to  us  in 
determining  the  degree  of  deficiency  of  the  various 
nutrients  in  the  dietaries  of  many  of  our  patients,  it  is 
too  arduous  and  time  consuming  to  be  used  as  a  routine 
procedure  by  the  practicing  physician.  It  requires  the 
expenditure  of  a  great  deal  of  time  both  with  the  patient 
and  in  the  calculation  of  the  results.  Such  a  method  is 
practical  only  if  the  patient  is  sufficiently  intelligent 
and  cooperative  to  keep  an  accurate  record  of  his  food 
intake  and  if  the  time  and  services  of  a  trained  nutri¬ 
tionist  are  available  to  supervise  the  collection  and 
summarization  of  the  data  and  to  calculate  the  nutritive 
value  of  the  dietaries. 

No  human  being  is  able  to  give  a  dietary  history 
as  comprehensive  as  the  physician  might  wish,  and  if 
one  was  to  rely  solely  on  dietary  assessment  he  would 
fall  far  short  of  the  goal  of  accurate  diagnosis  which  is 
the  first  requirement  for  .satisfactory  therapy. 

SYMPTOMS  AXI)  PHYSIC.XL  SIGNS 

Of  necessity  the  physician  must  place  the  greatest 
reliance  on  a  complete  history  and  physical  examina¬ 
tion  (figs.  1  and  2),  as  a  diagnosis  cannot  be  made 
except  by  clinical  methods.  It  is  customary  in  our 
studies  to  regard  each  person  individually  and  to  vary 
somewhat  the  general  history,  physical  examination  and 
special  examinations,  depending  on  the  nature  of  the 
svmptoms  he  presents.  In  all  instances,  information 
which  satisfies  the  complete  history  and  examination 
forms  as  listed  in  figure  3  is  obtained.  In  addition 
special  organ  systems  are  studied  as  indicated.  Uetailecl 
examination  of  the  mouth  is  ]iarticularly  stressed. 

When  we  have  satisfied  ourselves  that  the  infants 
and  children  under  our  observation  receive  considerably 
If.ss  than  the  recommended  allowance  of  e.ssential  nutri- 
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ents,  we  are  willing  to  accept  the  following  symptoms  as 
suggestive  though  not  diagnostic  of  deficiency  states, 
loss  of  desire  for  food  and  failure  to  gam  weight ;  poor 
muscle  tone,  and  aversion  to  play;  abnornial  tardiness 


nai:e 


Hospital 


Exajniner 


Date 


Sex  Color  Ige  Weight 

rxailY  Hiotory  of  Pellagra  (X  had  disease;  D  died  of  disease;  -  negative) 


Uother 

Father 


Brother 

Sister 


Past  History; 
Predisposing 
Operations 
Infections 
No  pregnancies 
Henstnjal 


Present  Illness : 

Headache 

Ditziness 

Eyes;  Burning 
Discharge 
Night  blindness 

Ears:  Hearing 

Nose: 

Mouth:  Teeth:  Upper-in 
out 

Sore  throat 

Skin:  Densatitis 

Mental  Symptoms : 
Hallucinations 
Insomnia 
Nervousness 

G.I.  Anorexia 

Constipation 

Vomiting 

Diarrhea 

Pain  in  stomach 

Proctitis 

O.U.  Vaginitis 
Urethritis 
Perineal  lesions 

Physical  Examination; 


veloped 


well 

moderately 

poorly 


Eyes:  Pupils 

Conjunctiva 

Sclera 

Cornea 

Opthalffloscopic 
Slit  lamp 

Hair  color: 

Nose:  Sharkskin 


Uncle 

Aunt 

First  attack 
Precipitating 


Husband 

Wife 


Children 


No  attacks 

Age  of  children 
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Skin  -  burning 
itching 
Weight  loss  - 


Nourished  -  well 

moderately 

poorly 

React  to  L.  &  A. 

Circumcomeal  injection 
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Inflamed 

Pterygium 
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Hares 


Nasomalar 


Nasolabial 


Fig-  1. — Form  for  recording  history. 


in  sitting,  standing  and  walking,  and  pain  on  sitting  or 
standing ;  insomnia,  poor  record  in  scliool ;  repeated 
respiratory  infections;  chronic  diarrhea;  photophobia, 
lacrimation,  abnormal  dryness  and  burning  of  the  eyes ; 
pallor;  rough  skin;  fissures  and  maceration  at  the 
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angles  of  the  mouth ;  abnormally  red  tongue ;  increased 
pulse  rate ;  beading  of  the  ribs ;  enlarged  wrists ;  sfjuarc 
head ;  serious  dental  abnormalities,  and  Vincent’s 
infection. 

Likewise,  in  adolescents  and  adults,  the  following 
symptoms  occurring  in  persons  known  to  have  ingested 
inadequate  amounts  of  required  nutrients  suggest  defi¬ 
ciency  states:  weakness;  lassitude;  lack  of  desire  for 
food ;  loss  of  weight ;  failure  of  mental  application ; 
sore  mouth  or  tongue ;  constipation  or  diarrhea ;  ner¬ 
vousness  and  irritability;  paresthesia;  night  blindness; 
photophobia ;  burning  and  itching  of  the  eyes ;  lacrima- 
tion;  general  pains  in  the  muscles  or  joints;  Vincent’s 
infection;  cheilosis;  red,  swollen  lingual  papillae;  glos¬ 
sitis,  stomatitis,  vaginitis,  poor  muscle  tone,  loss  of 
vibratory  sensation ;  alteration  of  tendon  reflexes , 
hyperesthesia  of  the  skin ;  bleeding  gums ;  dermatitis ; 
abnormal  pigmentation  of  the  skin,  particularly  over 
the  points  of  pressure ;  rachitic  chest  deformity ;  ane¬ 
mia;  abnormal  dryness  or  conjunctival  injection  of  the 
eyes ;  vascularization  of  the  cornea ;  inability  to  accom¬ 
modate  properly. 

It  has  been  customary  to  present  through  textbooks 
and  lectures  the  manifestations  of  severe  degrees  of 
deficiency  diseases.  Hence  it  is  little  wonder  that  the 
milder  forms  have  gone  unrecognized  and  the  real 
incidence  is  not  always  fully  appreciated.  Yet  it  is 
highly  desirable  that  the  physician  make  an  early  and 
accurate  diagnosis  in  order  to  initiate  therapy  which 
will  restore  the  patient’s  health  before  serious  structural 
damage  occurs  in  the  tissues.  For  the  most  part  the 
arrangement  of  the  descriptive  material  in  the  previous 
chapters  has  been  grouped  around  one  nutrient  or  one 
disease  arising  from  a  deficiency  of  a  single  nutrient, 
d'his  description  certainly  is  justifiable,  but  it  assumes 
a  degree  of  simplicity  which  does  not  occur  in  the  phy¬ 
sician’s  day  to  day  practice  of  medicine. 

SPECIAL  LARORATORY  TESTS  OF  USE 
IN  DIAGNOSIS 

After  we  have  analyzed  the  dietary  record,  medical 
history  and  phvsical  examination  and  find  symptoms  in 
persons  whom  we  suspect  of  having  nutritional  defi¬ 
ciency  di.sea.se.  we  attempt  to  gain  .special  information 
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liy  means  of  laboratory  tests.  While  they  are  not  all 
practical  for  practicing  physicians,  facilities  for  some 
might  l)e  available  to  some  physicians. 


Teelh:  Carles  Pyorrhea 


Uucous  membranes  -  buccal 


Lips (mottling 
(transverse 
(atrophy 


Tongue : 


Edema 

atrophy 
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hard 


coated 
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papillae  -  slit  lamp 
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cobblestone 

degree 

Red  center  -  number 
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redness 
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Skin  -  mottling  sweating  purpura  Triple  response 
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Neurological:  R 

Pain  on  soles 
Pain  on  calf 
Knee  jerk 
Ankle  Jerk 
Babinski 

Parasthesla:  arm 
leg 

Vibration:  arm 

leg 

Dynamometer 
Remarks ; 


Deficiency: 
Nicotinic  acid 
Thiamin 
Riboflavin 
Vitamin 
Iron 

Vitamin  A 
Vitamin  C 

♦  mild 
moderate 
severe 


Fig.  2.  Cuiitiiiuaiioii  of  I’onn  tor  recording  history. 


1_.  Hemoglobin  determinations,  red  blood  cell  counts, 
and  packed  cell  volumes  are  very  important  routine 
measures. 
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2.  X-ray  examination  of  the  long  bones  should  be 
made  to  detect  active  and  healing  rickets,  and  serum 
phosphatase  and  phosphorus  determinations  to  detect 
early  rickets.  Serum  calcium  determinations  are  also 
useful. 

3.  Protein  serum  albumin  determinations  by  the 
Kjeldahl  technic  are  especially  useful  when  protein 
deficiency  is  suspected. 

4.  Ascorbic  acid  determinations  on  plasma  are  useful 
in  determining  vitamin  C  subnutrition.  Determination 
of  the  level  in  white  cells  often  is  made  when  vitamin  C 
deficiency  is  advanced. 

5.  Slit  lamp  and  biomicroscopic  examinations  of  the 
capillaries  in  the  conjunctiva  and  cornea  are  extremely 
valuable  aids. 

6.  The  detection  of  prothrombin  deficiency  is  applied 
when  vitamin  K  deficiency  is  suspected  in  persons  with 
liver  disease,  particularly  jaundice,  or  in  expectant 
mothers. 

7.  The  B.  E.  S.  test,  the  recent  colorimetric  method 
described  by  Beckh,  Ellinger  and  Spies,  is  of  con¬ 
siderable  clinical  use  in  detecting  small  quantities  of 
abnormal  pigments  in  the  urine  of  persons  with  “sub- 
clinical”  and  clinical  deficiency  states. 

8.  We  frequently  do  determinations  for  vitamin  A. 
thiamine,  nicotinic  acid,  riboflavin,  pantothenic  acid, 
biotin  and  pyridoxine.  In  some  instances  these  labora¬ 
tory  findings  can  be  correlated  with  the  clinical  find¬ 
ings  ;  in  others,  they  cannot. 

9.  Myriads  of  Vincent’s  organisms,  staphylococci  and 
streptococci  can  be  identified  in  smears  taken  from 
mucous  membrane  lesions  in  the  mouth  or  in  the  vagina. 
The  staphylococci  and  streptococci  often  can  be  isolated 
in  pure  culture  from  the  lesions  of  riboflavin  deficiency. 
The  organisms  in  these  lesions  disappear  rapidly  after 
specific  therapy  is  given  to  the  patient. 

10.  Gastric  analyses  are  made  before  and  after 
histamine  injections— we  determine  free  hydrochloric 
acid,  pepsinogen  and  rennin,  and  in  special  cases  deter¬ 
mine  the  presence  or  absence  of  the  intrinsic  factor  of 
Castle. 

SPECIFIC  PRINCIPLES  OF  THERAPY  AND  SUGGESTED 
METHODS  OF  APPLICATION 

The  more  we  have  studied  diseases  arising  from  nutri¬ 
tional  imbalance,  the  more  we  have  become  impressed 
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with  the  Ln-eat  factor  of  safety  operating  to  protect  the 
1  Ilv  T  ife  continues  long  after  deficiency  states  set  in, 
alif 'the^e  is  a^aTs  a  .mrgin  of  safety  between  the 
beginning  of  ill  health  and  death  from  nntritional  fadur  • 
When  functions  of  the  tissues  become  diminished  or 
Xred  as  the  result  of  a  deficiency  over  long  periods 
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Fig.  3. — History  aiul  examination  form. 


of  time,  there  is  usually  quick  restoration  of  function 
following  adequate  amounts  of  specific  therapy.  Never¬ 
theless  there  is  a  limit  to  the  self  regulation,  and  indeed, 
at  times,  to  the  repair  which  is  possible  as  a  result  of 
therapy.  These  vital  substances  frequently  must  come 
to  the  human  body  from  an  external  source,  and,  since 
the  body  does  not  conserve  all.  it  is  important  that  a 
person  with  nutritional  deficiency  diseases  have  as  little 
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activity  as  possible  while  repairs  to  the  affected  tissue 
aie  under  way.  The  specific  agents,  whether  they  are 
food,  yeast,  liver  or  extracts  of  these  substances  or 
synthetic  vitamins,  serve  in  a  natural  manner  to  per¬ 
form  a  natural  function.  The  recommendations  which 
are  to  be  made  have  arisen  chiefly  from  the  gratifying 
experience  of  having  treated  over  5,000  consecutive 
jiatients  with  dietary  deficiency  diseases  without  a  death. 

Deficiency  diseases  are  not  rare.  The  apparent  mys¬ 
tery  surrounding  them  is  due  in  great  part  to  gaps  in 
our  present  day  knowledge.  Nevertheless,  the  prac¬ 
ticing  physician  should  and  must  apply  the  best 
knowledge  available  to  the  diagnosis  and  treatment  of 
nutritional  deficiencies.  To  do  so,  our  experience  would 
lead  us  to  suggest  that  his  diagnosis  will  depend  chiefly 
on  a  reliable  interpretation  of  a  carefully  taken  history 
and  a  thorough  physical  examination.  When  taking  the 
history,  the  physician  should  have  in  mind  that  deficien¬ 
cies  of  the  essential  nutrients  are  particularly  prevalent 
in  the  following  four  groups : 

1.  Those  who  are  indigent  and  have  erroneous 
dietary  habits  or  dietary  idiosyncrasies.  Many  such 
persons  live  for  a  long  period  of  time  on  a  diet  low  in 
protein  and  calories,  minerals  and  vitamins,  and  rela¬ 
tively  high  in  carbohydrates  and  fats.  These  dietaries 
often  contain  far  too  little  milk  products,  lean  meat, 
fish,  green  vegetables  and  fruits. 

2.  Persons  with  organic  disease.  The  incidence  of 
deficiency  diseases  is  especially  high  among  persons 
with  chronic  tuberculosis,  diseases  of  the  alimentary 
tract  and  cardiovascular  system  and  diabetes,  which 
interfere  with  the  ingestion,  assimilation  or  utilization 
of  the  protective  substances  present  in  food.  Many 
of  these  persons  have  an  opportunity  to  cat  sufficient 
amounts  but  because  of  their  disease  either  have  lost 
their  desire  to  eat  or  are  unable  to  utilize  it  properly. 

3.  Too  frequently  the  overzealous  physician  in  treat¬ 
ing  a  certain  type  of  organic  disease  prescribes  a  diet 
so*^ deficient  that  nutritive  failure  is  gradually  induced. 
While  we  do  not  wish  to  give  the  impression  that  all 
therapeutic  diets  are  necessarily  inadequate  diets,  \\t 
not  infrequently  find  patients  develop  nutritional  dis¬ 
eases  as  the  result  of  restriction  to  diets  prescribed  foi 
therapeutic  purpo.ses.  Figure  4  illustrates  some  of  the 
deficiencies  occurring  in  diets  consumed  by  persons 
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with  nutritional  diseases  who  came  to  us  for  treatment. 
We  suggest  that  the  physician  prescribing  special  thera¬ 
peutic  diets  check  the  food  recommended  with  that 
which  he  knows  is  required  for  the  adequate  diet.  If 
the  restrictions  are  of  such  nature  that  the  foods  per¬ 
mitted  cannot  provide  the  essential  nutrients  in  ade¬ 
quate  amounts,  it  is  recommended  that  he  supplement 
those  nutrients  as  required  by  use  of  synthetics  or 
concentrates. 

4.  Persons  v/ith  chronic  alcoholic  addiction.  Persons 
who  substitute  the  calories  in  alcohol  for  the  calories 
in  food  are  prone  to  develop  deficiency  diseases.  If, 
however,  a  liberal  adequate  diet  is  eaten,  deficiency 
diseases  are  not  likely  to  occur  even  when  large  amounts 
of  alcohol  are  ingested. 

It  should  be  kept  in  mind  that  in  all  groups  many 
undernourished  people  never  develop  a  clinical  sign 
diagnostic  of  a  specific  deficiency  disease.  Irrespective 
of  whether  the  deficiency  develops  following  poverty, 
dietary  idiosyncrasies,  organic  diseases,  alcoholic  addic¬ 
tion,  erroneous  dietary  habits  or  any  combination,  the 
lesions,  symptoms,  seasonal  incidence  and  methods  of 


treatment  are  essentially  the  same. 

Foods,  dried  brewers’  yeast,  liver  concentrates  and 
synthetic  vitamins,  and  certain  minerals,  are  as  much 
a  part  of  the  present  day  physician’s  armamentarium 
as  arsphenamine  and  insulin.  To  consider  diet  prop¬ 
erly  the  physician  should  think  in  terms  of  enough 
dextrose,  amino  acids,  fatty  acids,  minerals  and  vita¬ 
mins.  The  foods  in  the  alimentary  tract  are  altered 
through  successive  steps  of  digestion  and  absorbed 
into  the  blood  stream  and  passed  into  the  tissues. 
The  proteins  are  absorbed  as  amino  acids,  the  car¬ 
bohydrates  as  sugars,  and  the  fats  as  fatty  acids. 
The  vitamins  and  minerals  are  altered  little  if  any. 
The  body  can  synthesize  only  about  one  half  o 
the  different  amino  acids  which  are  required,  and  the 
other  half  must  be  provided.  Amino  acids  may  be 
turned  into  urea  or  their  carbon  fractions  used  to  forin 
dextrose,  or  they  may  “sacrifice  themselves  to  protect 
us  from  poisonous  products.  Perhaps  they  can  serve 
as  source  material  to  act  with  or  aid  m  synthesizing 
certain  compounds  of  physiologic  function  stil  o  le 
Wentified.  Some  of  these  amino  acids  enter  into  the 
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proteins  of  the  tissue  and,  like  the  dextrose,  the  fatty 
acids,  the  minerals  and  the  vitamins,  become  for  a  time 

parts  of  our  living  tissues.  •  i 

Long  ago  we  learned  that  the  diagnosis  of  one  clinical 
syndrome  denoting  nutritional  failuie  necessitates^  a 
thorough  search  for  others.  \\  hile  individual  vitamins 
have  special  functions,  they  are  wisely  administered 
together.  Vitamins  A  and  D,  which  are  members  of  the 
fat  soluble  group,  occur  together  in  fish  liver  oils  and 
are  customarily  used  together  therapeutically.  Vita¬ 
min  K  is  usually  classified  as  a  fat  soluble  compound, 
though  water  soluble  synthetic  compounds  having  vita¬ 
min  K  activity  are  available.  Vitamin  K  should  be 
considered  as  a  special  substance  essential  for  the  main¬ 
tenance  of  normal  concentration  of  prothrombin  in  the 
blood.  Except  for  the  hemorrhagic  disease  of  the  new¬ 
born,  a  deficiency  is  usually  the  result  of  faulty  absorp¬ 
tion  rather  than  inadequacy  of  vitamin  K  in  the  diet. 
Vitamin  E  is  being  extensively  studied,  but  as  yet  its 
value  in  the  treatment  of  diseases  of  human  beings  is  a 
matter  of  conjecture.  The  vitamins  of  the  B  complex 
are  water  soluble  and  found  especially  in  such  natural 
products  as  yeast  and  liver.  Viable  yeast  and  liver 
cells  function  as  an  active  laboratory  in  producing  these 
substances.  They  appear  to  he  intimately  concerned 
with  carbohydrate  metabolism.  Ascorbic  acid  is  a 
member  of  the  water  soluble  group  and  is  specifically 
concerned  in  the  prevention  and  treatment  of  scurvy. 

Too  often  polyvitamin  products  have  not  been  as 
useful  as  they  might  have  been.  It  seems  wise  that  the 
amount  of  \itamms  in  mixtures  should  hear  a  relation¬ 
ship  to  the  normal  daily  requirements.  The  physician 
m  turn  may  then  prescribe  amounts  of  these  vitamins  as 
multiples  of  the  estimated  daily  requirement.  Recently, 
the  National  Research  Council  has  seen  fit  to  make  the 
recommendations  presented  in  chapter  17. 

Where  synthetic  vitamins,  such  as  riboflavin,  nicotinic 
acid  or  thiamine,  are  added  to  dried  brewers’  yeast  or 
hyer,  it  is  desirable  that  a  substantial  amount  of  the 
vitamins  come  from  the  yeast  or  liver 


METHODS  OF  THERAPY 

Therapy  should  be  directed  along  four  lines :  1  Con¬ 
ditions  causing  excessive  requirements  for  nutritional 
essentials  should  be  removed  or  relieved  wherever 
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possible.  2.  Substances  should  be  adiniuistercd  iu  suf- 
licieiit  amounts  to  correct  the  deficiency.  3.  Sympto¬ 
matic  treatment  and  treatment  for  coexisting  diseases 
should  be  given.  4.  A  liberal  amount  of  a  well  balanced 
diet,  which  has  been  discussed  in  other  portions  of  this 
hook,  should  be  ])rescribed.  It  is  often  necessary  to 
combine  specific  therapy,  symptomatic  therapy  and  the 
treatment  of  coexisting  diseases  in  order  to  treat  the 
patient  successfully.  The  very  essence  of  treatment  for 
nutritional  diseases  lies  in  the  administration  of  foods 
rich  in  proteins,  minerals  and  vitamins,  supplemented 
by  specific  therapeutic  agents.  The  foods  prescribed 
will  depend  on  the  nature  of  the  deficiency  and  the  age. 
race,  habits,  tastes  and  financial  status  of  the  patient 
concerned.  The  diet  should  be  supplemented  with 
appropriate  preparations  in  terms  of  dried  brewers’ 
yeast  or  liver  extract,  or  concentrates  thereof,  or  of 
svnthetics  or  minerals.  More  specifically,  we  find  that, 
where  clinical  syndromes  arise  from  a  deficiency  of 
vitamins,  a  deficiency  of  many  other  essential  nutrients 
is  likely  to  exist.  It  is  of  prime  importance  in  pre¬ 
scribing  for  every  case  to  insure  the  ingestion  and 
retention  of  a  diet  which  meets  the  patient’s  nutritive 
requirements.  This  diet  must  be  one  that  the  patient 
can  eat,  digest  and  assimilate.  It  must  be  rememl)ered, 
however,  that  to  rely  on  dietary  therapy  is  inadvisable 
and  unpractical.  Deprivations  of  the  nutrients  usually 
have  existed  for  years  and  often  the  deficiency  is 
advanced  so  that  the  food  the  average  person  can  eat 
is  not  sufficient  to  supply  the  amount  of  the  food  factors 
necessary  to  restore  his  health  promptly. 

Our  clinical  experience  and  controlled  studies  have 
led  us  to  adopt  a  policy  of  mixed  vitamin  therapy  in 
treating  nutritional  deficiencies.  The  amounts  of  thei- 
a])eutic  substances  prescribed  necessarily  vary  consid¬ 
erably  from  patient  to  patient  and  even  in  the  same 
patient  it  varies  at  different  times.  It  is  better  to 
i)rescribe  too  much  than  too  little,  too  soon  rather  than 
too  late.  Although  there  are  many  ways  of  treating 
nutritional  deficiencies,  we  have  found  that  the  tollow- 
ing  therapy  gives  satisfactory  results : 

In  treating  the  clinical  syndromes  of  benben,  pel¬ 
lagra,  riboflavin  deficiency  and  scurvy,  we  use  a  formula 
containing  10  mg.  tbiaminc,  30  mg.  uiticin,  5  mg.  ii  )<> 
flavin  and  73  mg.  a.scorbic  acid.  It  tbe  symptoms  ol  one 
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daily ;  in  riboflavin  deficiency  5  mg.  oj  F''"'’?'  and  in 
,laily  ;  in  scurvy  100  mg.  of  ascorbic  acid  t  “d  >n 

mild  pellagra  50  mg.  ot  niacm  amide  ...  ;  “ 

is  severe  the  patient  is  given  150  mg.  ot  niacin 

aifdde  t.'i.  d.  in  addition  to  the  basic  formula.  When 
the  patient  is  moribund  from  nutiitive  failure  due  t 
deficiencies  of  the  vitamin  B  complex  it  may  be  neces- 
sarv  to  resort  to  parenteral  injections  m  order  to  pio- 
long  and  indeed  even  to  save  life.  When  large  amounts 
„f  d-glucose  are  injected  daily.  we_  recommend  the 
inclusion  of  20  mg.  of  niacin  amide,  7.5  mg.  of  nbohavin 
and  5  mg.  of  thiamine.  In  a  few  instances  we  have 
found  it  desirable  to  inject  50  mg.  of  ascorbic  acid  m 
isotonic  solution  of  sodium  chloride. 

Dried  brewers’  yeast  powder,  liver  extract,  wheat 
germ  and  rice  polishings  are  excellent  theiapeutic  agents 
for  the  treatment  of  (liseases  arising  from  a  deficiency 
of  the  B  complex  vitamins.  These  sulistances  are 
])articularly  valuable  in  that  they  contain  significant 
amounts  of  protein  and  other  essential  nutrients,  and 
lirobably  vitamins  of  the  B  complex  as  yet  unknown. 
The  amount  administered  depends  on  the  severity  of 
the  disease.  We  usually  give  daily  from  4  to  6  ounces 
of  dried  brewers’  yeast  powder  or  oral  liver  extract ; 
from  three  to  four  doses  of  20  cc.  of  jiarenteral  liver 
extract,  or  from  150  to  vIOO  Gm.  of  wheat  germ. 
.Mthough  other  investigators  have  had  success  with 
rice  polishings,  our  experience  with  it  is  not  wide 
enough  for  us  to  make  Sj^ecific  recommendations  in 
regard  to  its  use.  Some  patients  complain  of  the  taste 
of  these  materials,  in  which  case  we  disguise  the  taste 
by  stirring  them  into  milk  or  tomato  juice  or  by  mixing 
them  with  water  and  adding  tomato  catsup.  They  can 
be  added  to  bouillon,  sprinkled  over  cereals  or  added 
to  eggnog.  We  have  found  that  a  mixture  of  approxi¬ 
mately  20  per  cent  dried  brewers’  yeast  by  weight 
added  to  80  per  cent  peatnut  butter  is  accei:)table  to 
])ersons  who  like  peanut  butter.  A  mixture  of  this 
yeast  and.  peanut  butter  is  ]n-actical  and  if  used  wisely 
would  go  a  long  way  toward  correcting  the  deficiencies 
of  protein,  fats,  calories  and  B  complex  vitamins 
the  diets  of  many  persons. 
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Tn  vitamin  A  deficiency,  we  give  adults  50,000  units 
of  vitamin  A  daily  for  at  least  two  months.  It  may 
be  given  in  the  form  of  carotene  or  fish  liver  oils.  The 
clinical  response  in  vitamin  A  deficiency  is  often  slow 
and  it  may  be  necessary  to  continue  treatment  over 
a  long  period  of  time  before  beneficial  efifects  are 
observed. 

Children  with  active  mild  rickets  are  given  1,600  I.  U. 
of  vitamin  D  daily  in  the  form  of  fish  liver  oils  or 
irradiated  ergosterol.  To  those  with  advanced  rickets, 
5,000  I.  U.  is  given,  while  in  rare  cases  of  refractory 
rickets  50,000  I.  U.  or  more  is  often  administered. 
We  wish  to  point  out  that  although  a  daily  dose  of 
800  I.  U.  is  considered  the  safe  prophylactic  dose  for 
full  term  infants,  premature  infants  may  require  3,000 
I.  U.  In  juvenile,  adult  and  senile  rickets  large  doses 
of  the  vitamin  D  concentrates,  10,000  I.  U.  daily,  should 
be  given  for  therapeutic  purposes. 

In  hemorrhagic  disease  due  to  vitamin  K  deficiency 
in  the  newborn  infant  we  give  1  mg.  of  vitamin  K 
often  by  intravenous  injection.  To  adults  with  vita¬ 
min  K  deficiency  we  give  1  to  5  mg.  usually  by  the 
parenteral  route.  In  cases  in  which  bile  is  excluded 
from  the  intestine,  orally  administered  vitamin  K,  since 
it  is  fat  soluble,  must  be  accompanied  by  some  bile 
salt  preparation  to  aid  in  its  absorption. 

We  never  regard  the  treatment  as  satisfactory  until 
the  patient  has  gained  significantly  in  strength  and  his 
weight  has  returned  to  normal.  Unfortunately,  many 
physicians  take  the  point  of  view  that  deficiency  dis¬ 
eases  can  be  overcome  by  a  few  days  treatment.  This 
is  not  surprising  since  the  immediate  result  of  therapy 
is  often  dramatic.  Nevertheless,  deficiency  diseases 
which  have  taken  months  or  even  years  to  develop 
cannot  be  eliminated  quickly.  We  have  found  it  wise 
to  keep  our  adult  patients  under  observation  until  they 
return  to  work  and  are  able  to  continue  to  work  for 
several  months. 
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Abortion,  tieatnient  with  vitamin  E, 
201 

Absorption,  dettciency 

to  interference  with,  □•iJ 
factors  interfering  witli  (table), 
535 

Accommodation;  See  Eyes,  accom¬ 
modation  and  refraction  _ 
Acetone  bodies  in  fat  metabolism,  o 
Aclilorhydria  and  deficiency  dis¬ 
eases,  534 

and  destruction  of  vitamins,  541 
Acid,  acidification  of  nrinf- 
Amino:  See  Amino  Acids 
amlnoacetlc ;  cartilage  growth 
factor,  234 

Ascorbic :  See  Ascorbic  Acid 
Cevitamic :  See  Ascorbic  Acid 
fatty,  33 

classification  of,  34 
compounds  of,  34,  35 
exchange  of,  39 
formula  of  typical  fat  unit. 


Hilditch’s  rule  regarding,  34 
list  of  most  common  ones,  34 
melting  points  of,  34 
of  liver,  40 

relation  of  choline  function  to, 
53  228 

lactic concentration  of  lactate 
in  arterial  plasma,  73 
Nicotinic:  See  Nicotinic  Acid 
oleic,  melting  point  of,  34 
Pantothenic :  See  Pantothenic 

Acid 

para-aminobenzoic.  treatment  of 
gray  hair,  233 

pyrazlne,  effect  on  blacktongue, 
221 

stearic,  common  fatty  acid,  34 
melting  point  of,  34 
Acid-Base  Equilibrium :  See  also 
Acidosis:  Alkalosis;  Hydro¬ 
gen  ion  concentration 
of  blood,  77,  78 
regulation  of.  86 
Acidosis,  77,  78 

complicated  by  dehydration,  88 
loss  of  minerals  during,  110 
treatment  of,  89 

Acrodynia  due  to  pyridoxine  de¬ 
ficiency,  223 

Acromegaly,  increase  in  metabolism 
in,  62 

Activity,  abnormal,  deficiency  dis¬ 
eases  from,  530 
Adolescence,  need  for  iron,  120 
Adrenal  preparations,  effect  on 
sodium  and  chloride  excre¬ 
tion,  86 

Adrenals,  cholesterol  content  of,  44 
Age,  calcium  to  pliosphorus  ratios 
at  different  ages  (table),  103 
dietary  allowances  based  on  age 
of  children,  336 
in  deficiency  diseases,  448 
iron  metabolism  at  different  ages 
(table),  117 

lev?)  extensions  (table),  367 


Age-  Continued 

mineral  composition  ot  body  ai 
difTerent  ages  (table),  9:i 
Old:  See  Old  age 
positive  and  negative  mineral 
balances  at  different  ages 
(table).  111  •  .  „ 

Air  Passages :  See  Respiratory 

tract  ,  , 

Alanine,  amino  acid  not  essential 
for  growth  (table)  ,  23 
Albumin  ;  See  also  Proteins 

lactalbumin,  molecular  weight  ot 
(table),  15 

source  of  (table),  15 
\lcoholism  and  deficiency  disease, 

lirevention  of  food  intake  by, 
529 

Alfalfa,  source  of  vitamin  K.  205 
Alimentary  Tract:  See  Digestive 
Tract 

Alkali  disease,  180 
Alkaline-ash  value  of  diet,  113 
Alkalosis,  77,  78 

Aliiha-Tocopherol :  See  Vitamins, 


Aluminum  in  food,  182  _ 

American  Institute  of  Nutrition, 
dietary  allowances,  334 
American  Medical  Association, 
Council  on  Foods  and  Nutri¬ 
tion  :  See  Council  on  Foods 
and  Nutrition 

Council  on  Pharmacy  and  Chem¬ 
istry  :  See  Council  on  Phar¬ 
macy  and  Chemistry 
Amino  Acids :  See  also  Nitrogen ; 
Proteins 

character  of,  14 

essential  and  not  essential  for 
growth  (tables),  22,  23 
formula  for,  16 
synthesis  of,  25 

Amlnoacetlc  Acid :  See  under  Acid 
Aminobeiizoic  Acid  :  See  under  Acid 
Ammonia  in  regulation  of  acid-base 
equilibrium,  87 
Anemia  and  pregnancy,  390 
Anemia,  infantile,  cause  of,  392 
iron  deficient,  118 

effect  of  metals  on,  125 
treatment,  126 
maternal,  cause  of,  392 
nutritional,  454,  506-508 
diagnosis  of,  507 
incidence  of  (table),  510-511 
pernicious.  Increase  in  metab¬ 
olism  In,  62 

treatment,  cobalt  In,  165,  166 
Animals,  blacktongue  of,  220-221 
cobalt  deficiency  In,  164,  165 
foods  of  animal  origin,  259 
iodine  prophylaxis  In,  146 
nicotinic  acid,  method  for  de¬ 
termination,  221 
selenium  poisoning,  179 
vitamin  D  synthesis  by,  236 
vitamin  E  In,  200 
zinc  deficiency  1^,  1Q8 
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Anorexia  :  See  also  Appetite 
cause  of  (leficieiicv  ilisease  .521) 
in  infants,  .S54 

Antimony  trieliloride,  lilne,  in  vita¬ 
min  A  method  of  assay.  151 
Apoplexy:  See  Brain,  hemorrhaRe 
Appetite,  effect  of  tliiamine  on. 
358 

Ajiples,  consumption  of,  407 
loss  of  vitamin  C  from.  298,  299 
mineral  content  of.  250 
vitamin  content  of,  210,  250 
Argina-se,  activating  effect  of  man¬ 
ganese  on,  160 

•Vrginine,  cartilage  growth  factor, 
234 

essential  for  growth.  22-24 
Arihoflavinosis :  See  Riboflavin  de¬ 
ficiency 

Arteriosclerosis  and  aging,  dis¬ 
sociation  of,  373 
Ascorbic  Acid :  See  also  Scurvy 
and  enzymes,  235 
and  gingival  lesions,  467 
average  milligram  values  of 
vegetables  (table),  303 
content  of  black  currant,  288 
of  breast  milk,  397 
of  citrus  fruits,  255 
of  leafy  vegetables,  253 
of  milk,  346 
of  peas  (table),  307 
deficiency,  236,  441,  499,  501-50.3 
diagnosis  of.  554 
estimation  of,  461 
manifestations  of,  236 
reports  of  (table),  501 
destruction  of,  541 
effect  of  storage  and  cooking  on, 
298-304 

formula  for.  235 
in  blood,  466 

determination  of,  230.  453 
during  pregnancy  (table),  397 
in  Infant  feeding.  351 
in  tissues,  distribution  of.  276, 
459 

in  urine,  determination  of.  457 
loss  from  apples  (table).  299 
in  boiling,  304 
in  canning,  311 
in  cooking,  277 
in  dehydrated  food.  313 
in  frozen  foods,  307 
.storage.  In  potatoes,  300 
nutritive  value  of  (table),  406 
recommended  dietary  allowances 
(table),  .3.35 
requirement  of.  236 
during  lactation.  396 
during  pregnancy,  390 
role  in  detoxications,  542 
role  of  manganese  in.  161 
role  of  oxygen  toward.  299,  308 
source  of,  236,  287,  315 
Asparagus,  average  milligram  values 
for  ascorbic  acid  (table),  30.3 
vitamin  content  of,  254 
Atwater  values  for  calculation  of 
diet,  08 

Aub-DuBols  basal  metabolism  stand¬ 
ard,  57 

Automobile  accidents,  causes  of 
death  (table),  375 


Aviation  accidents,  causes  of  deatli 
(table),  375 

Avidin,  biotin  inactivating  factor  in 
egg  white.  230 

Avitaminosis:  .'<ee  Vitamins,  de¬ 
ficiency 

B.  E.  S.  test  in  diagnosis  of  defi¬ 
ciency  disease,  554 
Bacon,  composition  of  (table),  202, 

274 

vitamin  values  of  (table),  275 
Bananas,  loss  of  vitamin  C  in, 
303 

vitamin  content  of  (table),  216 
Barley,  mineral  content  of,  247 
nutritive  value  of,  292 
source  of  nicotinic  acid,  222 
thiamine  content  of,  329 
vitamin  content  of,  247 
Basal  Metabolism  :  See  Metabolism 
Bass,  proximate  composition  of 
(table),  262 

Beans  :  See  also  Soy  Beans 

international  units  of  thiamine 
for  (table),  305 
snap,  average  milligram  values 
for  ascorbic  acid  (table),  303 
source  of  protein,  247 
of  thiamine,  215 
Beef :  See  also  Corned  beef 

proximate  composition  of  (table), 
202-265,  274 

vitamin  content  of  (table),  216. 

275 

Beets,  vitamin  content  of,  251 
Bence  .Tones  protein,  molecular 
weight  of  (table),  15 
source  of  (table),  15 
Beriberi,  4.35 

occurrence  of.  492 
reports  of  vitamin  Bi  (thiamine) 
deficiency  (table),  494-495 
therapy  of,  560 
types  of,  492 

Bcrkson.  Boothby  and  Dunn  stand¬ 
ards  of  basal  metabolism. 
57 

Berries,  source  of  ascorbic  acid, 
236 

Beverages,  nonalcoholic,  use  during 
summer,  81 

sweetened  carbonated,  283 
Bicarbonate,  concentration  in  arte¬ 
rial  plasma  (table),  73 
in  regulation  of  acid-base  equi¬ 
librium,  86,  87 

Bierring  standard  for  basal  nietali- 
ollsm,  57 

Bile,  iodine  content  of.  130 
Biomicroscopy,  determination  _  of 
vitamin  A  deficiency,  463 
Biotin.  229 

and  vitamin  H.  idejifity  of,  230 
assay,  method  of,  231 
concentration  of,  231 
deficiency,  230 
experimental.  541 
formula  for,  230 
inactivating  factor  in  egg  white. 
2.30 

significance  in  nutrition,  229 
source  of,  231 
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UlacktonKue  :  See  also  1  ellaui'a 
due  to  nicotinic  acid  deficiency, 
220 

effect  of  pyridine  derivatives,  221 


Klind 

Hlood 


Blanching,  extractive  effects  on 
ascorbic  acid  content  of  peas 
(table),  307 

for  canned  and  frozen  foods,  .■inn 
Bleaching  of  vegetables,  nntritiie 
value  of,  31.") 
staggers,  180 

See  also  Anemia  ;  ('ardio- 
vascular  System;  Heart; 
Hemoglobin;  Hemorrhage; 
Leukemia  ;  etc. 
albumin,  molecular  weight 
(table),  15 

source  of  (table).  1,5 
ascorbic  acid  in,  400 
determination  of,  453 
determinations  in  diagnosis 
deficiency  disease,  554 


of 


of 


cholesterol,  42-44 

effect  of  thyroid  secretion  on, 
44 

iiyperciiolesteroiemia ,  44 
in  diabetes,  44 
in  nephrosis,  44 
role  of  diet  in,  44 
coaguiation,  roie  of  vitamin  K 
in,  205 

cocarboxylase,  level  of,  452 
electrolytes,  73 

globulin,  molecular  weigiit  of 
(table),  15 

source  of  (table),  15 
iodine  concentration  of,  136-139 
effect  of  thyroidectomy,  140 
in  lactation,  137 
in  pregnancy,  137 
Loss ;  See  Hemorrhage 
minerals,  determination  of,  454 
nicotinic  acid,  determination  of, 
453 


phospholipid/choiesterol  ratio  of 
(table),  45 

pliospholipid  content  of  (table). 
45 


plasma,  amount  in  body,  72 
association  with  sodium,  108 
•  carbon  dioxide  content  of,  77 
concentration  of  electrolytes 
in  (table),  73 

hydrogen  ion  concentration  of, 
77 


vitamin  C  content  during  i)reg- 
nancy,  397 

proteins,  determination  of,  454 
in  diagnosis  of  deficiency  dis¬ 
ease,  554 
prothrombin,  506 

methods  for  measuring  defi¬ 
ciency,  207 

values  in  avitaminosis.  465 
vitamin  A  of,  194,  451 
vitamins  in,  450 
volume,  calculation  of,  72 
whole,  in  treatment  of  dehydra¬ 
tion,  89 

Bloor,  VV.  u. ;  Hole  of  fat  in  diet, 
33 

Bluefish,  proximate  composition  of 
(table),  205 


Body,  composition  during  feeding 
with  liuinan  and  cow’s  milk, 
341 

distribution  of  phosphorus  in,  100 
F'luids :  See  Fluids 
increased  bodily  reauirements, 
530 

ingestion  of  water,  75 
iodine  content  of.  135 
mineral  composition  of,  92 
at  different  ages  (table),  93 
relation  of  build  to  nutritional 
status,  430 

Boiling,  loss  of  vitamin  C  in.  .104 
Bones,  calcium  requirement  for,  J8 
changes  in  early  scurvy,  444 
demand  for  positive  minerals.  Ill 
electropositive  minerals  in.  112 
fetal,  effect  of  maternal  diet  on. 
390 

fragility,  cause  of,  102 
growth,  calcium  in,  98 

importance  of  positive  minerals, 
112 

minerals  Involved  in.  92 
roentgenography,  in  dia^gnosis  of 
deficiency  disease.  554 
Boiiito,  proximate  composition  of 
(table),  265 

Bookbinders,  calorie  requirement 
of  (table).  64 

Boothby,  Berkson  and  Dunn  stand¬ 
ards  of  basal  metabolism. 
57 

Boron,  role  in  diet  of  rat,  181 
Bouillon,  proximate  composition  of 
(table),  265 

Boys,  recommended  daily  allowance 
for  iron,  121 

Brain,  cholesterol  content  of,  44 
hemorrhage ;  apoplexy  cause  of 
death  (table),  375 
in  newborn  infants,  prevention 
of,  212 

l)hosphollpid/cholesterol  ratio  of 
(table),  45 

phospholipid  content  of  (table). 
45 

Brains,  proximate  composition  of 
(table),  265 
Bran  in  diet,  243 
source  of  Inositol.  233 
Bread :  See  also  Flour 
enriched.  244 

standards  for,  244 
nutritive  value  of,  244 
toasted,  percentage  thiamine  loss 
in,  317 

vitamin  content  of,  216 
whole  wheat,  digestibility  of.  245 
Brewers’  Yeast;  See  under  Yea.st 
British  thermal  units,  55 
Broccoli,  average  milligram  values 
for  ascorbic  acid  (table),  303 
source  of  calcium,  252 
Brussels  sprouts,  vitamin  content 
of,  254 

Bureau  of  Home  Economics,  market 
lists,  423 

Bush  sickness,  effect  of  cobalt  on, 
164,  165 

Bushy  Stunt  Virus :  Sec  Virus 
Butt,  H.  R, ;  Fat  soluble  vitamins, 
185 
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Uniter,  chief  type  of  food  of  aniniiil 
origin,  ‘i.'ifi 
consumption  of,  411 
nutritive  value  of,  282 
source  of  vitamin  A,  273,  289 
vitamin  A  content  of,  330 
PiUttermilk,  nutritive  value  of,  282 
proximate  composition  of  (table) 
266 

Cabbage,  loss  of  vitamin  C  in,  300, 
303 

source  of  ascorbic  acid,  230 
of  vitamin  K,  205 
vitamin  content  of,  216 
Cabinet  makers,  calorie  require¬ 
ment  of,  64 

Calcium  and  teeth,  98,  102 
association  witli  magnesium  in 
body,  104 

concentration  in  arterial  plasma 
(table),  73 

content  of  fetus  and  infant,  343 
of  newborn  infants,  343 
of  premature  infants,  342 
daily  Intake  (table),  97 
deficiency  in  children,  360 
excretion  of,  99,  104 
in  bone  growth,  92,  98 
in  children’s  diet,  358 
metabolism,  action  of  vitamin  n 
on,  196 

nutritive  value  of  (table),  406 
principal  mineral  of  body,  92 
recommended  dietary  allowances 
(table),  335 

requirement  of,  98-100 
in  lactation,  388 
in  pregnancy,  98,  388 
of  children,  359 
role  of  emotion  In,  100 
retention  of  (table),  97 
of  children,  359 

to  magnesium  ratios  at  different 
ages  (table),  103 
to  phosphorus  ratios  at  different 
ages  (table),  103 
In  body  of  aged,  382 
in  diet,  101,  102 
source  of,  252 
utilization  of,  98 

Calories,  basic  diet  for  hospital  pa¬ 
tients,  66 

concern  of  physician  with,  55 
conservation  in  cold  environment, 
60 

content  of  potatoes,  249 
In  medical  practice,  55 
in  pregnancy,  68,  386 
In  “protective”  foods,  67 
loss  of,  63 
necessity  of,  55 
in  children,  63 

of  diets,  calculation  of,  68,  69 
estimation  of,  64,  66 
proportion  of  fat  to  carbo¬ 
hydrate  In,  69 

recommended  dally  allowances 
for  (table),  65,  335 
Cancer,  cause  of  deatii  (falde),  375 
production  of,  538 
Canine  Blacktongue :  See  Black- 
tongue 


Canned  foods,  blancliing  for,  306 
containers  for,  313 
nutritive  value  of,  312 
Canning,  309 

color  stabilization  of  green 
vegetables,  310 
loss  of  vitamin  C  in,  299 
report  of  National  Resources 
Planning  Board,  309 
stability  of  vitamin  C  to  heat 
of,  311 

tliiamine  losses  in,  310 
Capillaries,  measurement  of  re¬ 
sistance  to  pressure,  461 
Capons,  proximate  composition  of 
(table),  267 

Carbohydrates:  See  also  Dextrose; 
Sucrose  ;  Sugar ;  etc. 
excessive,  and  deficiency  dis¬ 
eases,  532 

in  diet  during  pregnancy,  386 
of  aged,  380 

proportion  of  fat  to  carbo¬ 
hydrate,  69 

in  general  basic  diet,  66 
metabolism,  importance  of  phos¬ 
phoric  acid  in,  36 
Carbon  dioxide  content  of  plasma, 
77 

Carbonic  anhydrase,  168 
Carboxylase,  activating  effect  of 
manganese,  161 

Cardiovascular  System  and  food. 
373 

deaths  in  Minnesota  for  ]9ifl 
(table),  377 

Carotene :  See  also  Vitamins,  A 
content  of  leafy  vegetables,  252 
excretion  of,  187 
in  milk,  187 
metabolism,  186 
source  of,  288-289 
storage,  186 

Carp,  destruction  of  thiamine  l>y, 
541 

nutritive  value  of,  284 
proximate  composition  of  (lalile), 
266 

Carrots,  cooking  losses  of  vit.smin 
C  of,  301 

source  of  carotene,  289 
source  of  vitamin  K,  205 
vitamin  content  of,  216,  250 
Cartilage  growth  factor,  234 
Cataract  due  to  riboflavin  defi¬ 
ciency,  218 

Cauliflower,  source  of  calcium,  252 
source  of  vitamin  K,  205 
vitamin  content  of,  254 
Caviar,  proximate  composition  of 
(table),  266 

Cephalin,  affinity  for  water,  38 
composition  of,  36 
Cereals :  See  also  under  names  of 
cereals,  as  Bran;  Oatmeal: 
etc. 

consumption  of,  413 
dominant,  in  United  States  and 
Orient,  320 

grains,  320  .  t 

food  values  and  limits  of 
"restoration,"  325 
nutritive  value  of,  291 
thiamine  content  of,  329 
in  diet,  242 
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In  infant  feedluK,  333 
source  of  choline,  229  ^ 

of  pantothenic  acid,  227 
of  protein,  242 
of  pyridoxine,  224 
Cliambers,  W.  H. :  Calories  in 
medical  practice,  55 
Cheese,  nutritive  value  of,  282 
proximate  composition  of,  -61. 
266 

source  of  riboflavin,  219 
vitamin  content  of,  216,  275 
Ctilck  embryo,  effect  of  manganese 
on,  156 

Chicken,  proximate  composition  of 
(table),  266 

vitamin  values  of  (table),  275 
Children:  See  also  Infants 

average  daily  mineral  balances, 
96 

calcium,  deflclency  in,  360 
requirement  of,  359 
retention  of,  359 
to  magnesium  ratio  In  (table), 
103 

to  phosphorus  ratio  in  (table), 
103 

caloric  needs  of,  63 
diet,  and  dental  caries,  355 
allowances  based  on  age,  336 
calcium  in,  358 
minerals  in,  358 
protein  deflclency  in,  360 
thiamine  deflclency  In,  357 
vitamin  A  deficiency  in,  356 
vitamin  D  deflclency  in,  356 
excretion  of  creatinine,  361 
of  magnesium,  104 
of  positive  and  negative  min¬ 
erals,  112 

feeding  of,  339,  354 
growth  of,  354 

iron  metabolism  at  different  ages 
(table),  117 

mineral  metabolic  balances,  97 
nutritional  anemia  in.  507 
nutritional  status,  longitudinal 
procedure  as  measure  of, 
433 

methods  of  examination  for, 
426 

relation  of  body  build  to,  430 
positive  and  negative  mineral 
balances  (table).  111 
recommended  daily  allowances  of 
calories  (table).  65 
of  iron  (table),  121 
of  vitamin  A,  189 
recommended  dietary  allowances, 
335 

relation  of  fluoride  concentration 
to  incidence  of  mottled 
enamel  (table),  170 
rickets  In,  485-489 
sugar  consumption  of,  357 
vitamin  deflclency,  determination 
of,  464 

vitamin  C  deflclency,  incidence 
of,  499,  501-503 
vitamin  D  requirements  of,  198 
zinc  requirements  of,  169 
China  and  Chinese,  incidence  of 
goiter,  131 


Clilorides  :  See  also  Sodium  chloride 
concentration  in  arterial  plasma, 
73 

excretion,  effect  of  adrenal  cor¬ 
tical  steroids  on,  86 
reabsorption  of,  85 
Chlorine,  dally  intake  and  reten¬ 
tion  of  (table),  97 
excretion  of,  109 
in  body  fluids,  92,  93 
Involvement  in  formation  and 
function  of  bone.  92 
metabolism  of,  109 
principal  mineral  of  body.  92 
Cholesterol,  absorjition  of,  43 
content  in  tissues.  14.  4.i 
esters,  41 
excretion  of,  43 
formula  for,  41 

in  Blood:  See  Blood  cholesterol 
relation  to  fat,  41 
Choline,  227 
deflclency,  228 
function  of,  228 

relation  to  fatty  acids,  53,  228 
requirement  of  rat,  229 
source  of,  229 

Cliolinesterase,  activating  effect  of 
manganese,  161 

Chondroltln.  cartilage  growth  fac¬ 
tor,  234 

Cirrhosis:  See  Liver,  cirrhosis 
Citrin,  source  of,  236,  237 
Cltrulline,  amino  acid  not  essential 
for  growth  (table),  23 
Citrus  fruit,  source  of  ascorbic 
acid,  236 

vitamin  content  of,  255,  302 
City  families,  food  consumption  of, 
410 

Clams,  proximate  composition  of 
(table),  268 

Coast  disease,  effect  of  cobalt  on, 
.  164,  165 

Cobalt,  absorption,  162 

activation  of  enzymes,  166 
deficiency  In  animals,  104,  165 
effect  on  various  diseases,  164- 


excretion  of,  162 
in  treatment  of  anemia,  165,  166 
polycythemia,  162 
requirements  of,  166 
Cocarboxylase,  level  of,  452 
Cod,  proximate  composition  of 
(table),  268 

Cod  liver  oil,  requirement  of  in¬ 
fants,  352 
toxicity  of,  189 
Cold  :  See  also  Temperature 
conservation  of  calories  In,  60 
effect  on  basal  metabolism,  60, 
61 


Color  stabilization  in  canning  green 
vegetables,  310 

Committee  on  Food  and  Nutrition 
of  National  Research  Coun¬ 
cil,  enrichment  of  flour,  126 
recommended  dally  allowances 
for  Iron,  119,  121 
views  on  enriched  foods,  323 
Committee  on  Nomenclature,  report 
on  menadione,  204 
Conjunctiva  and  vitamin  A  defl¬ 
clency,  485,  523 
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Cniijiinctivitis,  follicular;  ocular 
changes  of  vilamin  A  deH- 
ciency,  191 

Containers  for  canned  foods,  313 
Cooking,  effect  on  proteins,  31 
effect  on  vitamin  C,  298 
toss  of  pantothenic  acid  in,  227 
of  thiamine  in,  304 
of  vitamins  in,  233,  277 
no  allowance  for  loss  in  recom¬ 
mended  daily  allowances.  334 
Copper,  action  in  iron  metabolism, 
124,  125 

requirements  for,  124 
Corn :  See  also  Cornmeal 
consumption  of,  413 
thiamine  content  of,  329 
vitamin  C  loss  in,  302 
Cornea,  vascularity  and  riboflavin 
deficiency,  525-520 
Corned  beef,  proximate  composition 
of  (table),  265 
Cornmeal  in  diet,  245 
pellagra  due  to,  222 
food  values  and  limits  of 
“restoration,”  325 
mineral  content  of,  245 
vitamin  content  of,  216,  245 
Coronary  disease,  fat  in  diet  of 
aged,  379 

Cottonseed  oil,  source  of  vitamin 
E,  201 

Council  on  Foods  and  Nutrition,  9 
enrichment  of  flour,  127 
policy  regarding  enriched  foods. 
323 

recommended  daily  allowances 
for  vitamin  A,  188 
Council  on  I’harmacy  and  Chem¬ 
istry,  report  on  menadione, 
204 

Cowgill,  (i.  K.  :  Improving  quality 
of  cheap  stai)le  foods,  319 
Cozymase,  activating  effect  •of 
manganese,  161 

Crabs,  proximate  composition  of 
(table),  269 

Cramps  due  to  sodium  chloride 
deficiency,  79 

Crayfish,  proximate  composition  of 
(table),  269 

Cream,  proximate  composition  of, 
261,  269 

vitamin  values  of  (table),  275 
Creatinine  excretion  in  children, 
361 

Cultivation,  effect  on  vitamin  and 
mineral  content  of  plants, 
329 

Currant,  black,  as  source  of  vita¬ 
min  C,  288 

Curtis,  G.  M. :  Iodine  in  nutrition, 
129 

Cystine,  amino  acid  not  essential 
for  growth  (table),  23 

Dairy  products,  consumption  of. 
411 

for  provision  of  extra  calories. 
68 

Dark  Adaptation:  See  Eyes,  accom¬ 
modation  and  refraction 
Deaths,  cardiovascular,  in  .Minne¬ 
sota  for  1940  (table),  377 
causes  of  (table),  375 


Detlcicucy  Diseases.  435.  See  also 
Ascorbic  Acid  ;  liiotin  ;  Diet ; 
Nutrition;  Vitamins;  and 
under  names  of  deficiency 
diseases,  as  Beriberi ;  Night 
blindness ;  Xerophthalmia 
age  in,  448 
and  achlorhydria,  534 
and  alcoholism,  558 
and  dextrose,  532 
and  excessive  carbohydrates,  532 
and  increased  destruction  of 
vitamins,  540 

and  increased  excretion,  539 
and  intestinal  absori)tlon.  533, 
535 

and  liver  dysfunction,  536 
and  sulfapyridine  therapy,  538 
appraisal,  biochemical  methods 
of,  430 

methods  of,  449 
microbiologic  method  of.  450 
case  illustrating  unsatisfactory 
diet  (table),  549 
ciianges  in  tissue  in,  444 
conditioned  malnutrition,  521 
conditioning  factors  in,  528 
diagnosis,  early,  442 

special  laboratory  tests  of  use 
in,  552-554 

due  to  interference  with  absorp¬ 
tion,  533 

due  to  interference  with  inges¬ 
tion,  528 

due  to  interference  with  utiliza¬ 
tion.  536 

factors  increasing  destruction 
(table),  540 

factors  increasing  excretion 
(table),  540 

factors  increasing  nutritive  re- 
iiuirement  (table),  531 
factors  inteifering  with  absorp¬ 
tion  (table),  535 
factors  interfering  with  utiliza¬ 
tion  of  food  (table),  537 
form  for  recording  history,  551, 
553,  555 

from  abnormal  i)hysical  activity, 
530 

gross  evidences  of  malnutrition, 
523 

importance  of  diarrhea  in,  533 
in  i)ersons  with  organic  disease, 
556 

prevalence  of,  439 
principal,  474 
production  by  diet,  529 
states  of  avitaminosis,  443 
status  of,  469 

symptoms  and  physical  signs,  550 
tiierapy,  methods  of,  559-562 
lu'inclples  and  suggested  meth¬ 
ods  of  application,  554 
principles  of  diet  in.  545 
Dehydration,  76 
causation  of,  88 
complicated  by  acidosis,  88 
loss  of  vitamin  ('  in,  313 
of  fruits,  313 
of  vegetables,  314 
treatment,  89 

Dehvdrocholesterol.  form  of  vna- 
mln  D,  196 
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Dfliydrotrenase,  isDcitric,  activ'atint' 
effect  of  manganese,  lOl 

Denmark  disease,  effect  of  cobalt 
on,  164,  165 

Dental  Caries;  See  under  Teetli 

Detoxications,  role  of  vitamins  in, 
542 

Dextrose:  See  also  Carl)oliydrates ; 
Sugar 

action  on  renal  excliange,  S/ 
and  deficiency  diseases,  532 
ill  treatment  of  dehydration,  S.* 

Diabetes  Mellitiis,  blood  cholesterol 
in,  44 

caloric  loss  in,  63 
cause  of  death  (table),  3<5 
effect  of  zinc  on  action  of  in¬ 
sulin,  167 

Diarrliea,  importance  in  deficiency 
diseases,  533 

2,  6  Diclilorophenolindoplienol  indi¬ 
cator  in  vitamin  C  assay, 
236,  453 

Diet :  See  also  Ascorbic  Acid ; 

Biotin  ;  Food  ;  Nicotinic  Acid  ; 
Nutrition ;  Pantothenic  Acid  ; 
Vitamins ;  under  names  of 
diseases ;  and  under  names 
of  foods,  as  Apples ;  Beef ; 
Bread ;  Fruits ;  Vegetables  ; 
etc. 

acid-asli  value  of,  113 
activities  of  local  health  depart¬ 
ment,  517 

of  state  liealth  departments, 
516 

aduiuate,  comparison  with  thera¬ 
peutic  diet,  557 
American,  adequacy  of,  403 
alkaline-asli  value  of,  113 
allowances  liased  on  average  size, 
sex  and  activity,  336 
aluminum  in,  182 
and  dental  caries,  355,  380,  399 
assessment,  547 
barley  in,  247 
bran  in,  243 
bread  in,  244 

calcium  to  phosphorus  ratio  in, 

101,  102 

calculation  of,  68,  69 
Atwater  values  for,  68 
Uul)ner  values  for,  68 
simplification  of,  68,  69 
calories,  estimation  of,  66 
carbohydrates,  excessive,  and 
deficiency  diseases,  532 
cereals  in,  242 
cliildren’s,  354 
calcium  in,  358 
minerals  in,  358 
Iirotein  deficiency  in,  360 
thiamine  deficiency  in,  357 
vitamin  A  deficiency  in,  356 
vitamin  1)  deficiency  in,  356 
comparison  of  1940  and  1930, 
419 

controlled,  to  determine  weight 
of  baby,  387 
cornmeal  in,  245 
deficiency,  435 
in  vitamin  K,  208 
digestibility  of  whole  wlieat 
bread,  245 


Diet — Continued  _  , 

during  pregnancy,  103,  _  386 
carboliydrates  in,  386 
fat  in,  386 

effect  on  retention  of  positive 
and  negative  minerals,  114 
English,  analysis  of,  293 
factors  for  which  dietary  allow¬ 
ances  are  not  given,  336 
factors  Increasing  nutritive  re¬ 
quirement  (table),  531 
factors  interfering  with  food  in¬ 
gestion  (table),  529 
food  and  cardiovascular  sy.stem, 
373 

food  stamp  program,  420 
for  groups  of  population,  94 
fruits  in,  255 

general  basic  diet  for  liospital 
patients,  66 
grading  of,  418 

improving  quality  of  cheap  staple 
foods,  319 

in  relation  to  income,  408,  417 
in  relation  to  management  prac¬ 
tices,  417 

in  relation  to  size  of  family,  417 
inadequate,  473 
iron  in,  119 
legumes  in,  247 
market  lists,  423 
metabolic  mineral  balances.  111, 
113 

milk  in,  282 

nutrition  in  industry,  514 
nutritive  value  of,  407,  417 
oats  in,  246 

occurrence  of  nutritional  anemia, 
506-508 
of  aged,  365 
and  teeth,  380 
carbohydrates  in,  380 
fat  in,  378 
food  restriction,  368 
minerals  in,  380 
summary  of  dietary  sugges¬ 
tions,  383 
vitamins  in,  381 
of  farm  families,  411 
initritive  quality  of,  418 
percentage  of  families  having 
diets  of  nutritive  value,  415 
plans  that  meet  allowances,  337, 
338 

prevalence  of  malnutrition,  468 
principles  of,  437 

in  treatment  of  disease,  545 
production  of  deficiency  diseases 
by,  529 

proportion  of  fat  to  carbo¬ 
hydrate,  69 

protein  requirement,  27-30,  376 
Volt  standard  of,  29 
recommended  dietary  allowances, 
333-335,  391 
rice  in,  247 

role  in  blood  cholesterol  values, 
44 

of  boron  in  diet  of  rat,  181 
of  fat  in,  33 
rye  flour  in,  247 
school  lunch  program,  420 
social  and  esthetic  aspects  of 
eating,  375 
sugar  in,  256 


570 


INDEX 


Diet — Coutiiiued 
survey  of,  473 

therapeutic,  comparison  with 
adequate  diet,  557 
therapy  of  deficiency  disease, 
methods  of,  559-562 
unsatisfactory,  case  illustrating 
(table),  549 

unusual  foods  of  high  nutritive 
value,  279 
wheat  in,  243 

Digestion,  digestibility  of  whole 
wheat  bread,  245 
of  protein,  19 

Digestive  tract  diseases,  cause  of 
death  (table),  375 
Diodrast  in  measuring  blood  fiow 
to  kidney,  82 

Dlpeptlde,  formation  of,  15 
Disease,  principles  of  diet  in  treat¬ 
ment  of,  545 
Diuretics,  action  of,  87 
Dog  :  See  under  Blacktongue 
DuBols,  E.  F. :  Calories  in  medical 
practice,  55 

DuBols-Aub  standards  for  basal 
metabolism,  57 

Duck,  proximate  composition  of 
(table),  269 

Dunfermline  method  for  designating 
nutritional  status,  427 
Dunn,  Boothby  and  Berkson  stand¬ 
ards  of  basal  metabolism,  57 
Dystrophy,  muscular,  manifestation 
of  vitamin  E  deficiency,  200 
treatment  with  vitamin  E,  202 

Eating,  social  and  esthetic  aspects 
of,  375 

Ebbs,  J.  H. :  Nutritive  require¬ 
ments  in  pregnancy  and 
lactation,  385 

Economics,  market  lists  of  Bureau 
of  Home  Economics,  423 
prevalence  of  malnutrition,  469 
Edema,  nutritional,  475 

reports  of  occurrence  (table), 
477 

Edestin,  molecular  weight  of 
(table),  15 

source  of  (table),  15 
Education  of  public  regarding  en¬ 
riched  foods,  331 

Eggs,  chief  type  of  food  of  animal 
origin,  259 

mineral  elements  of,  273 
proximate  composition  of  (table), 
269 

source  of  choline,  229 
of  riboflavin,  219 
of  vitamin  A,  274 
of  vitamin  D,  197 
vitamin  content  of,  216,  275 
wlilte,  biotin  Inactivating  factor 
in.  230 
injury,  230 

yolk,  cholesterol  content  of,  45 
In  Infant  feeding,  353 
source  of  biotin,  231 
Electrolytes,  concentration  In  arte¬ 
rial  plasma  (table),  73 
effect  of  sex  hormones  on  renal 
excretion  of,  86 
exchange  by  kidney,  85 
in  body  fluids,  73 
reabsorptlon  of,  85 


Kivelijem,  C.  A. ;  Water  soluble 
vitamins,  213 

Emotions,  estimation  during  basal 
metabolic  test,  56 
role  in  requirement  of  calcium, 
100 

Employment  of  aged,  368 
Enamel,  Mottled ;  See  under  Tectli 
Endocrine  glands,  iodine  content 
of,  136 

Energy  requirement  of  body  under 
various  conditions,  68 
source  of,  33 

Environment,  factor  in  iron  defi¬ 
ciency,  121 

Enzymes :  See  also  under  names 
of  enzymes,  as  Dehydro¬ 
genase;  Urease;  etc. 
activation  by  cobalt,  166 
containing  riboflavin,  217 
manganese  and  enzyme  activity. 
159 

protein,  13 
fiyntliesls  of,  20 

relation  of  ascorbic  acid  to,  235 
Ergosterol,  form  of  vitamin  D. 
195 

Eskimos,  protein  diet  of,  28 
Exercise,  deficiency  diseases  from, 
530 

effect  on  basal  metabolism,  58, 
59 

loss  of  salt  and  water  by  sweat¬ 
ing,  78 

muscle  cramps  due  to  sodium 
chloride  deficiency,  79,  80 
Extracellular  fluids,  association 
with  sodium,  108 

Eyes,  accommodation  and  refrac¬ 
tion  ;  dark  adaptation  tests 
and  vitamin  A  deficiency. 
193,  357,  460,  554 
ocular  manifestations  of  vitamin 
A  deficiency,  476-485 
paralysis:  ophthalmoplegia  and 
thiamine  deficiency,  527 

Families,  farm,  diet  of,  411 

nutritive  quality  of  diets,  418 
food  consumption  of,  410 
income,  diet  in  relation  to.  108 
size,  diet  In  relation  to,  417 
Famine,  consumption  of  foods  dur¬ 
ing,  290 

prevalence  of  nutritional  edema 
during,  475 

Farm  families,  diet  of,  411 
food  consumption  of,  410 
nutritive  quality  of  diets  of.  ID 
Eat ;  See  also  Acid,  fatty 
absori)tion  of,  47-49,  52,  63 
importance  of  soap  In,  47 
amount  In  general  basic  diet. 
66 

and  phospholipids,  difference 
between,  37 
excretion  of,  63 

importance  in  feeding  of  pre¬ 
mature  infants,  63 
functions  of,  33 
ill  diet,  of  aged.  378 
of  pregnant  woman,  386 
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Kat  —Continued 
metabolism,  46-52 

acetone  bodies  in,  .<0 
choline  in,  53 
ketone  bodies  in,  50 
role  of  liver  in,  4(,  4.)-->ii 
nutritional  value  of,  52 
proportion  of  fat  to  carbohydrate 
in  diet,  69 

reiation  of  cholesterol  to,  41 


role  in  diet,  _  33 
soluble  vitamins,  185 
source  of  energy,  33 
varying  proportion  in  meat,  -6U 
Fatty  Acids :  See  Acid,  fatty 
F’eces,  excretion  of  calcium.  99, 
104 

excretion  of  calories,  63 
of  carotene,  187 
of  chlorine.  109 
of  iron,  115 
of  magnesium,  104 
of  manganese,  159 
of  nitrogen,  63 
of  phosphorus,  100,  101 
of  positive  and  negative  min¬ 


erals,  112 
of  potassium,  107 
of  sodium,  108 
of  sulfur,  105 

Federal  Government,  policy  with 
respect  to  enriched  foods, 
325 


Federal  Security  Agency,  activities 
in  field  of  nutrition,  10 

Fertman,  M.  B.  :  Iodine  In  nutri¬ 
tion,  129 

Fetus:  See  also  Newborn  infants 
changes  in  calcium  content  of, 
343 

in  nitrogen  content  of,  342 
effect  of  maternal  diet  on  bones 
of,  390 

mineral  composition  of,  93 
weight  of,  387 

Fever,  effect  on  basal  metabolism. 
59 

Increase  in  metabolism  in,  62 
mechanism  of,  61,  62 
regulation  of  temperature  during, 
61,  62 

Filtrate  factor,  225 

Fish,  mineral  elements  of,  273 
nutritive  value  of,  284 
oils,  source  of  vitamin  A,  275, 
289 


Flounders,  proximate  composition 
of  (table),  269 
Flour :  See  also  Bread 
consumption  of,  242 
enriched,  126.  127,  243,  214, 

293,  320,  328,  419 
mineral  content  of,  243 
nutritive  value  of,  293 
patent,  in  diet,  pellagra  due  to, 
222 

proximate  composition  of  (table), 
242 

rye,  in  diet,  247 
vitamin  content  of,  243 
whole  wheat,  food  values  and 
limits  of  “restoration” 
(table),  325 


Fluids,  body,  amount  hi,  ‘3 
body,  anatomy  of,  71 
and  iodine,  136 
electrolytes  in,  73 
loss  of,  76  .  .  ,  «  1  I 

Interstitial :  See  Interstitial  fiuid 
Intracellular :  See  Intracellular 

fluid 

necessity  of  liberal  intake  in  ex¬ 
cessive  sweating,  81 
Iiarenteral,  administration  in  de¬ 
hydration,  89 

Fluorides :  See  also  Fluorine 
content  of  milk,  176 
mottled  enamel,  distribution  in 
U.  S.,  171 
etiology  of,  171 
relation  to  incidence  of,  Idl 
occurrence  in  some  waters  of 
U.  S.,  170 

relation  to  dental  caries,  1(6. 
177 

Fluorine :  See  also  Fluorides 

chronic  endemic  dental  fluorosis, 
169 

effect  on  rickets,  174 
in  food  and  water,  169 
Iiolsoning,  chronic,  172 

Food :  See  also  Ascorbic  Acid ; 
Biotin  ;  Nicotinic  Acid  ;  Nu¬ 
trition  :  Pantothenic  Acid ; 
Thiamine ;  Vitamins ;  and 
under  names  of  food,  as 
Bread  ;  Fish  ;  Meat ;  Milk ; 
etc. 

absorption,  deficiency  disease  due 
to  Interference  with,  533 
factors  interfering  with  (table), 
535 

action  on  basal  metabolism,  56, 
58,  59 

aluminum  in,  182 
and  cardiovascular  system,  373 
and  feeding,  93 
availability,  368 
canned,  blanching  for,  306 
containers  for,  313 
nutritive  value  of.  312 
case  illustrating  unsatisfactory 
diet  (table),  549 
chemical  composition,  93 
consumiition,  422 
during  famine,  290 
factors  affecting  levels.  406 
in  relation  to  income,  410 
in  U.  S.,  403,  410 
dehydrated,  loss  of  vitamin  C 
in,  313 

dietary  assessment.  547 
dietary  comparison  of  1940  and 
1930,  419 

effect  of  cultivation  on  vitamin 
content  of  plants,  329 
effect  of  roller  milling  on,  292 
enriched,  current  standards  for. 
321 

education  of  public  regarding, 
331 

legislation  regarding,  331 
methods  of,  328 
policy  of  Committee  on  Food 
and  Nutrition  of  National 
Research  Council,^  323 
policy  of  Council  on'Foods  and 
Nutrition,  323 
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Ko(><l,  fiiriched— Coutiiuied 

federal  Kovcninu'iit, 

suitability  ot  food  to  be  en¬ 
riched.  322 
tiuorine  in,  169 
frozen,  307 

blanching  for,  306 
improving  quality  of  cheap  staple 
foods,  319 

Increased  bodily  requirements, 
530 

industrial  nutrition,  514 
ingestion,  alcohol  in  prevention 
of,  529 

deficiency  disease  due  to  inter¬ 
ference  with,  528 
factors  interfering  with  (table). 
529 

intake  in  pregnancy,  98,  386 
iodine  in,  130,  131 
manganese  content  of.  158 
mineral  elements  of,  273 
necessary  (table),  515 
nicotinic  acid  potency  of,  221 
nutrition  history  (table),  548 
nutritive  value  of,  8,  419 
comparison  of  (table),  406 
preservation  in  processing,  297 
unusual  foods  of.  279 
of  animal  origin,  259 
of  plant  origin,  241 
pantothenic  acid  content  of,  227 
policy,  509 

principle  of  restoration,  9.  10, 

321,  327 

products,  investigation  of,  9 
program,  513 
protective,  67 

proximate  composition  of  (table), 
262-271 

pyridoxine  content  of.  224 
recommended  daily  allowances  of 
specific  nutrients,  280 
restriction  for  aged,  fallacy  of. 
368 

riboflavin  content  of.  218 
source  of  water  solulile  vitamins, 
238 

stamp  program.  420 
thiamine  content  of.  275 
utilization,  deficiency  diseases 
due  to  interference  with,  536 
factors  interfering  with  (table), 
537 

of  calcium  of.  *'9 
vitamin  content  of.  216,  274 
vitamin  C  content,  effect  of  stor¬ 
age  and  cooking,  298 
Food  and  Drug  Administration.  10 
Food  and  Nutrition  Board  of 
National  Research  Council, 
formation  of,  10 

recommended  dietary  allowances, 
280,  333 
of  calories,  65 
of  nicotinic  acid,  222 
of  riboflavin,  218 
of  thiamine,  215,  348 
of  vitamin  A,  188 
Form  for  recording  history,  551, 
553,  555 

Fortification:  See  under  names  of 
foods,  as  Bread;  Milk;  etc. 
principle  of,  327 


4-amino-2-metliyl-l-iiaiilithol  hydro¬ 
chloride  in  treatment  of  pro- 
tlirombin  deficiency,  210 
Frozen  foods,  307 
blanching  for,  306 
Fruits :  See  also  under  names  of 
fruits,  as  Apples;  Bananas; 
Berries ;  etc. 

citrus,  consumption  of,  404,  407 
consumption  of,  255,  408 
dehydration  of,  313 
frozen,  307 
in  diet.  255 
in  infant  feeding.  353 
mineral  content  of,  255 
nutritive  value  of,  287 
source  of  thiamine,  215 
vitamin  content  of,  255 


Gastpar  method  for  designating 
nutritional  status,  426 
Gastrointestinal  tract,  increased 
destruction  of  vitamins  in, 
540 

water  loss  by  discliarges,  76 
Genitourinary  tract,  diseases,  cause 
of  death  (table),  375 
Geography,  iodine  distribution  and 
goiter,  129,  133,  148 
Geriatrics :  See  Old  Age 
(ierontology,  371 
Gingivitis,  441 

and  vitamin  C,  467 
Girls,  recommended  daily  allow¬ 
ance  for  iron,  121 
Glass  containers  for  canned  foods, 
313 

Glomerular  filtrate,  action  of  diu¬ 
retics,  87 
amount  of,  84,  85 
formation  of,  83,  84 
(Jlossitis,  441 

Glycine,  amino  acid  not  essential 
for  growth  (table),  23 
(loiter  and  iodine  distribution,  129 
basal  metabolism  in,  58,  62 
tilood  iodine  in,  137 
endemic,  cause  of,  134 

National  Study  Committee  on, 
resolution  from,  151 
incidence  of,  129 
in  China,  131 
iodine,  balance  studies,  149 
objections  to  supi)lemental  io¬ 
dine,  145 

I)rophylaxis  by,  142 
proph.vlaxis  in  animals,  146 
supplemental,  methods  of  sup- 
p.lylng,  150 

Iodized  Salt  Committee  of  Michi¬ 
gan  State  Medical  Society, 
143 


pi-evcntion.  Marine’s  studies  on, 
143 

principle  of  thyroxin  formation 
and  decay,  149 

thyroid  hyperplasia  in  pregnancy. 


135 

ii.se  of  iodized  salt,  143,  144.  lal 
use  of  potassium  iodide  as 
stabilizer,  151 

ains :  See  under  names  of 

grains,  as  Barley;  Rye; 
Wlieat :  etc. 
ass  juice  factor,  237 
ass,  nutritive  value  of,  290 
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dray  liair  liiie  to  iiautotlifuic  aoiil 
(letloieiuy,  226 

treatment  with  para-aiiiinobeii- 

zoie  acid,  233 

(Jrowtli :  See  also  Diet;  Nutrition, 
etc. 

amino  acids  essentiai  and  not 
essential  for  (tables),  -2,  23 
as  measure  of  nutrition,  4-X 
effect  of  manganese  on,  lo4.  loj 
effect  of  milk  wltli  Iodine  con¬ 


tent,  148 

effect  of  zinc  on,  166 
estimated  iron  re(|uirements  tor, 
122,  123 

linear,  of  infants.  344 
ioncitiidinal  procedure  as  measure 
of  nutrition,  433 
need  for  iodine,  147 
need  for  iron,  118,  120 
of  children,  354 

reQuirement  of  phosphorus  dur¬ 
ing,  101 


Cuava  as  source  of  vitamin  C, 


288 


Haddock,  proximate  composition  of 
(table),  269 

Hair,  gray,  treatment  wdth  para- 
aminobenzoic  acid.  233 
pigmentation,  due  to  pantothenic 
acid  deficiency,  226 
Ham.  composition  of  (table),  274 
deviled,  proximate  composition  of 
(table),  269 

Health  department,  local,  activities 
of,  317 

state,  activities  of,  516 
nutrition  service  of,  512 
Heart  disease,  cause  of  death 
(table),  375 

disease,  increase  in  metal)olism 
in,  62 

pliosphocreatine  content  of,  46 
phospholipid/cholesterol  ratio  of 
(table).  45 

phospholipid  content  of  (table), 
45 

Heat :  See  also  Temperature 
amotint  produced  by  man.  56 
loss,  factors  which  Inftuence,  58. 
59 

mechanism  of.  60 
sweating  in,  60,  61 
measurement,  units  of,  55 
I’roduction;  See  also  Metal)olism 
factors  which  influence,  58.  59 
Heatli,  r.  W. ;  Iron  in  nutrition  : 

requirements  for  Iron,  115 
ileiglit  as  measure  of  nutrition,  428 
Hemeralopia  ;  See  Night  blindness 
Hemochromatosis,  iron  retention 
disease,  118 

Hemoglobin :  See  also  Anemia ; 

Blood 

concentration,  determination  of, 
455 

determinations  in  diagnosis  of 
deficiency  disease,  553 
molecular  weight  of  (table),  15 
production,  influence  of  iron  de¬ 
ficiency  on,  124 
source  of  (table),  15 


Hemori  liage  ;  See  also  Brain,  lit 
orriiage  ;  Vitamins,  K 
and  iron  deliciency,  118,  119 
therapy  (f,  562 
vitamin  K  deficiency,  J>)3 
Hemp  seed,  source  of  vitamin  K, 
205 

Herring,  source  of  vitamin  D,  19i 
Hiiditch’s  rule  regarding  fatty 
acids,  34 

Hips,  source  of  vitamin  C,  288. 

315  .  .  .... 

Histidine,  amino  acid  essential  toi 
growtii  (table),  22  _ 

History,  form  for  recording,  5ol, 
.553  555 

nutritional  (table),  548 
Hogarth  method  for  designating 
nutritional  status,  426 
Home  Economics.  Bureau  of,  mar- 


Homeostasis,  72 

Hormones  :  See  also  Adrenal  prepa¬ 
rations  ;  Insulin 
protein,  13 

sex,  effect  on  renal  excretion  ot 


electrolytes,  86 

Hospital  patients,  general  basic  diet 
for,  66 

llow'artli  metliod  for  designating 
nutritional  status,  426 

Hunger :  See  also  Starvation 
osteomalacia,  490 

Hydrogen  Ion  Concentration ;  See 
also  Acid-Base  Equilibrium  ; 


Acidosis ;  Alkalosis 
of  plasma.  77 
Hydrolysates,  protein,  26 
Hypercholesterolemia  ;  See  under 
Blood  cholesterol 

Hyperthyroidism :  See  under  Thy¬ 
roid 

Hyperventilation  :  See  Respiration 
H.vpothalamus,  temperature  regulat¬ 
ing  center,  61 


Ice  cream,  proximate  composition 
of  (table),  269 

vitamin  values  of  (table),  275 
Inanition.  depression  of  basal 
metabolism,  63 
Income  and  diet.  408,  417 
and  food  consumption,  410 
Index,  nutrition,  431 
Industry,  chronic  fluorine  poisoning 
in,  172 

civilian  wartime  food  program, 
513 

nutrition  in,  514 
survey  of  diets  of  workers,  473 
Infant  Feeding,  339 

ascorbic  content  of  milk,  346 
body  composition  during  feeding 
with  human  and  cow’s  milk, 
341 

cereals  In,  353 

comparison  of  breast  fed  and 
artificially  fed  infants,  342, 
350 

importance  of  fat  excretion,  63 
milk  in,  339 

niacin  content  of,  349 
riboflavin  content  of,  349 
thiamine  content  of.  347 
thiamine  loss  in,  348 
vitamin  1)  content  of,  350 
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Infant  Feeding— Contiinu'd 
orange  juice  in,  351 
psychology  of,  354 
supplementary  foods,  353 
supplements  to  milk  diet.  351 
vitamin  C  in,  351 
vitamin  D  in,  351 

Infants:  See  also  Cliildren 
anorexia  in,  354 
calcium  content,  clianges  in,  343 
calcium  to  magnesium  ratio  in 
(table),  103 

calcium  to  phosphorus  ratio  of 
(table),  103 

cod  liver  oil  requirement  of,  352 
iron  content  of,  345 
iron  metabolism  at  different  ages. 
117 

linear  growth  of.  344 
mineral  metabolic  balances 
(table),  97 
mortality,  402 

Newborn :  See  Newborn  infants 
nitrogen  content,  changes  in,  342 
phosphorus  content  of,  345 
I)ositive  and  negative  mineral 
balances  (table).  111 
Premature  :  See  Premature  infants 
protein  requirement  of,  339 
susceptibility  to  rickets,  350 
tlilamine  allowance  for,  348 
vitamin  A  requirement  of,  346 
vitamin  D  requirement  of,  352 

Infection  in  relation  to  vitamin  A 
deficiency,  189 

Infiuenza,  cause  of  death  (table), 
375 

Ingestion  of  food,  interference 
with.  528,  529 

Inositol,  determination  in  tissues, 
233 

formula  for,  232 
relation  to  nutrition,  232 
source  of,  233 

Insecticides,  source  of  fluorine  poi¬ 
soning.  173 

Insects,  nutritive  value  of,  285 
source  of  protein,  285 

Insulin,  effect  of  zinc  on  action 
of.  167 

molecular  weight  of  (table),  15 
source  of  (table),  15 

Interstitial  fluid,  amount  in  body, 
72 

Intestines;  See  also  Gastrointes¬ 
tinal  tract 

absorption,  and  deficiency  dis¬ 
eases,  533,  535 

and  i)rothrombin  deficiency, 
208,  209 

Intoxication:  See  Alcoholism;  Tox¬ 
emia 

Intracellular  fluid,  amount  in  body, 
72 

Iodine :  See  also  Goiter ;  Thyroid 
and  body  fluids,  136 
and  extrathyroid  tissues,  135 
and  general  health,  147 
and  normal  thyroid  gland,  131 
and  pathologic  thyroid  gland, 
134 

balance,  138,  140 

effect  of  starvation  on,  139 


ioiline  Continued 
content  of  bile,  136 
of  body,  135 
of  endocrine  glands.  13ii 
of  food,  130,  131 
of  lungs,  136 
of  milk,  131,  141,  148 
of  nutrition,  129 
of  potatoes,  329 
of  thyroid,  132 
of  vegetables,  130 
of  water,  130 

deficiency,  cause  of  endemic 
goiter,  134 

distribution  and  goiter.  129,  i;t3 
excretion,  140 
goiter  prophylaxis  by,  142 
history  of,  142 
in  Blood :  See  under  Blood 
induced  hyperthyroidism,  145 
metabolism  of,  141 
need  in  growth,  147 
prophylaxis  in  animals,  146 
requirement  of,  148 
principle  of  tiiyroxin  formation 
and  decay,  149 

supplemental,  methods  of  supply¬ 
ing,  150 

use  of  potassium  iodide  as 
stabilizer,  151 

Iodized  Salt  Committee  of  Michigan 
State  Medical  Society,  143 
Iron,  absorption  of,  118 
content  of  flour,  243 
of  infants,  345 
of  leafy  vegetables,  252  • 
of  meats,  273 
of  milk,  345 

deficiency  and  blood  loss,  118, 
119 

anemia,  effect  of  metals  on, 
125 

anemia,  treatment,  126 
l)aslc  facts  in,  115 
environmental  factors  in,  121 
hypochromic  anemia  of.  118 
influence  on  hemoglobin  pro¬ 
duction,  124 

nutritional  anemia  due  to.  454 
enrichment  of  flour,  126,  127 
excretion  of,  115 
in  diet,  119 
in  nutrition,  115,  126 
value  of,  406 
metabolism  of,  117 
action  of  copper  in.  124,  125 
need  for,  119 

recommended  dietary  allowances 
for,  119,  121,  126,  335 
reciuirements  for,  120 
during  pregnancy.  123,  390 
for  growth,  120,  122,  123 
for  menstruation,  123 
Itching :  See  Pruritus 

Jams,  legal  standards  for,  315 
.leans,  P.  C. :  Feeding  of  healthy 
infants  and  children,  339 
.lellies,  legal  standards  for,  315 
.lodbasedow  (iodine  induced  hyper- 
thyroidism),  145 

.lolliffe.  N. :  Conditioned  malnutri¬ 
tion,  521 
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Kestner-Knipping  staiulHi’cls  for 
basal  metabolism,  a< 

Ketone  bodies  in  fat  metabolism,  aO 
Keys,  T.  E. :  Unusual  fo<^s  of 
high  nutritive  value,  27!) 
Kidneys,  action  of  diuretics,  8( 
blood  flow  of,  82 
effect  of  sex  hormones  on  excre¬ 
tion  of  electrolytes,  86 
exchange  of  electrolytes  by,  so 
excretion  of  water  by,  77 
formation  of  glomerular  filtrate, 
8S-85 


function  of,  84 

phospholipid/cholesterol 

(table),  45 

phospholipid  content  of 
45 

physiology  of,  82 
source  of  biotin,  2.S1 


ratio  of 
(table). 


Kilocalory,  35 

Knlpping-Kestner  standards  for 
basal  metabolism,  57 

Koltman,  E.  F. :  Preservation  of 
nutritive  value  of  foods  in 
processing,  297 

Koppe  method  of  designating  nutri¬ 
tional  status,  426 

Kruse,  H.  D. :  Medical  evaluation 
of  nutritional  status,  425 


Laboratory  tests  In  diagnosis  of  de¬ 
ficiency  disease,  552-554 
Eactalbumin :  See  Albumin 
Lactate :  See  Acid,  lactic 
Lactation:  See  also  Infant  Feed¬ 
ing  ;  Milk 

ascorbic  acid  requirement  during, 
396 

blood  Iodine  in,  137 
calcium  requirements  during,  388 
calcium  to  magnesium  ratio  in 
(table),  103 

calcium  to  phosphorus  ratio  in 
(table),  103 

calorie  requirement  during,  68 
faulty,  treatment  with  vitamin 
E,  202 

mineral  metabolic  balances 
(table),  97 
need  for  iron,  120 
nutritive  requirements  in,  385 
positive  and  negative  mineral 
balances  (table).  111 
])otassium  metabolism  In,  107 
protein  requirements  during,  387 
recommended  dietary  allowances, 
335,  391 

riboflavin  requirement  during, 
396 

sulfur  metabolism  in,  106 
thiamine  requirement  during,  215, 
395 

vitamin  A  requirement  during, 
394 

vitamin  B  complex  during,  395 
vitamin  1)  requirements  during, 
198 

vitamin  E  requirement  during, 
398 

vitamin  K  requirement  of,  398 
Lactoglobulin,  molecular  weight  of 
(table),  15 

source  of  (table),  15 


Lamli,  composition  of 

proximate  composition  ot  (table), 
269 

vitamin  values  of  (table),  275 
1  ard  proximate  composition  of 
(table),  270 

suitability  for  fortification,  32- 
I,auric  acid,  melting  point  of,  34 
Laxative  effect  of  bran,  243 
Lecithin,  affinity  for  water,  38 
formula  for,  36 
source  of  choline,  229 
Legislation,  legal  standards 
jams  and  jellies,  315 
regarding  enriched  foods,  33 1 
Legumes  in  diet,  247 
mineral  content  of,  248 
nutritive  value  of,  291 
source  of  protein,  247 
of  pyridoxine,  224 
vitamin  content  of,  248 
Lemon  rind,  source  of  citrin,  236 
Lentils,  nutritive  value  of,  294 
source  of  protein,  247 
Lettuce  oil,  source  of  vitamin  K, 


for 


Leucine,  amino  acid  essential  f<»r 
growth  (table),  22 

Leukemia,  lymphatic,  increase  in 
metabolism  in,  62 

Lewis,  H.  B. :  Proteins  in  nutri¬ 
tion,  13 

Life  extension,  367 

Light :  See  Sunlight 

Lima  beans,  vitamin  €  loss  in, 
302 

Lipoids:  See  Cholesterol;  Fat; 

Lecithin 

Liver,  cirrhosis,  manifestation  of 
vitamin  A  deficiency,  192 
diseases,  cause  of  death  (table). 


375 

dysfunction  and  deficiency  dis¬ 
eases,  536 

efficiency  and  protein  intake,  376 
extract  in  treatment  of  disease 
due  to  vitamin  B  deficiency. 


561 

fatty  acid  of,  40 
fatty,  treatment  with  choline,  22 
function,  role  of  vitamin  K,  20 
injury,  cause  of  prothrombin  de¬ 
ficiency,  209,  210 
I)hospholipld/choleste  rol  ratio 
(table),  45 

phospholipid  content  of,  45,  50 
proximate  composition  of  (tabic), 
270 

retention  of  vitamin  A  by,  274 
role  in  fat  metabolism,  47,  49-50 
source  of  biotin,  231 
of  nicotinic  acid,  222 
of  pantothenic  acid,  227 
of  pyridoxine,  224 
of  riboflavin,  219 
storage  of  vitamin  A.  186 
of  vitamin  D,  196 
vitamin  content  of,  216 
Loss,  definition  of,  95 
Lungs :  See  also  Respiration ; 

Respiratory  tract;  etc. 
iodine  content  of,  136 


a  i  -o 
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Lillies — (’ontiiiiUMl 
liliospholipicl/cliok'stonjl  mtio  of 
(table),  45 

pliospholipicl  content  of  (table) 
45 

I.y.sine,  amino  acid  essential  for 
growth  (table),  22 

Macaroni,  suitability  for  enrich¬ 
ment,  322 

McCollum,  E.  V. :  Trace  elements 
in  nutrition,  153 
McLester,  J.  S. :  Introduction,  7 
•Macy,  I.  G. :  Principal  mineral 
elements  in  nutrition,  itl 
Magnesium  and  calcium  in  body. 
104 

concentration  in  arterial  plasma 
(table),  73 

daily  intake  and  retention  of 
(table),  97 
excretion  of,  104 
function  of,  104 

in  forniatlon  and  function  of 
bone,  92 

metabolism  of,  104-105 
principal  mineral  of  body,  92 
requirement  in  pregnancy,  105 
to  calcium  ratios  at  ditTerent  ages 
(table),  103 

Malnutrition:  See  under  Nutrition 
.Man,  calcium  to  magnesium  ratio 
in  (table),  103 

calcium  to  phosphorus  ratio  in 
(table),  103 

calorie  requirement  of  (table) , 
64,  65 

iron  metabolism  at  ditTerent  ages 
(table),  117 

iron  reciuirements  for,  121,  122 
metabolism  of,  57 
mineral  metabolic  balances 
(table),  97 

positive  and  negative  mineral 
balances  (table).  111 
recommended  dietary  allowances 
(table),  335 

vitamin  A  requirement  of,  189 
.Manganese  and  enzyme  activity, 
159-161 

content  of  food,  158 
deficiency,  156 
effect  on  growth.  154-156 
on  reproduction.  155,  156 
excretion  of,  159 
requirements  for,  158 
role  in  ascorbic  acid,  161 
in  prevention  of  perosls,  156 
Marasmus,  enzootic,  effect  of  cobalt 
on,  164,  165 

.Margarine,  source  of  vitamin  A. 
275 

.Marine’s  studies  on  prevention  of 
goiter,  143 
5Iarket  lists,  423 
.Maternal  mortality,  402 
Maynard.  L.  A. :  Poods  of  plant 
origin,  241 

.Mayo  Clinic  standarils  of  basal 
metabolism,  57 

.Meat:  See  also  under  names  of 
meat,  as  Bacon ;  Beef ; 
Lamb  ;  etc. 

chief  type  of  food  of  animal 
origin,  259 


.Meat — Continueii 
composition  of  samples,  271 
consumption  of,  404,  412 
iron  content  of,  273 
loss  of  vitamins  in.  305 
mineral  elements  of.  272,  273 
nutritive  value  of,  260,  283 
physical  structure  of.  259.  260 
proximate  composition  of  (table) 
270 

source  of  choline,  229 
of  pantothenic  acid,  227 
varying  proportion  of  fat  in.  260 
vitamin  content  of  (table),  216 
.Medicine,  Military:  See  .Military 
medicine 

preventive,  nutrition  in,  473 
.Menadione:  See  also  Vitamins,  K 
in  treatment  of  prothrombin  de¬ 
ficiency,  212 

report  of  Committee  on  Nomen¬ 
clature,  204 

.Menstruation,  disorders,  treatment 
with  vitamin  E,  202 
estimated  iron  requirements  for, 
123 

iodine  excretion  during.  110 
.Mercurial  diuretics,  action  of,  87, 
88 


Metabolism  :  See  also  Heat 
basal,  56 

conservation  of  calories  in  coid 
environment,  60 
during  pregnancy,  386 
effect  of  cold  on,  60,  61 
effect  of  exercise  on,  58,  59 
effect  of  fever  on,  59 
effect  of  food  on,  56,  58,  59 
estimation  of  emotion  during 
test,  56 

of  men  and  women,  57 
pulse  rate  during  test,  57 
regulation  of  normal  tempera¬ 
ture,  61 

tension  during  lest,  56 
time  of  measurement.  56 
value  in  thyroid  diseases,  58 
depression  in  diseases.  63 
increase  in  various  diseases,  (>2 
metabolic  balance.  95 
postabsorptive,  56 
standard,  56 


■Metal  workers,  calorie  requirement 
of,  64 

.Metals,  effect  on  iron  deficiency 
anemia,  125 

.Melliionine.  amino  acid  essential 
for  growtli  (table).  22 

■Michigan  State  Medical  Society, 
iodized  Salt  Committee  of. 
143 


.Military  Medicine  :  See  also  Kecruits 
sodium  chloride  deficiency,  __89,  81 
muscle  cramps  due  to.  79.  80 
.Milk:  See  also  Cream;  Dairy 

products;  Infant 
ascorbic  acid  content  ot.  236.  346 
calcium,  utilization  of,  9.1 


carotene  in,  187 
chief  type  of  food  of 
origin,  259 

cholesterol  content  of,  4.> 
consumption  of,  404,  41  1, 


animal 


423 
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Milk  Coiitiiuiod 
cow's,  i)ercentat:e  conii)ositi<'i' 
(table).  340 

vitamin  content  ot,  .ill 


firy,  282 
factor,  237 

fluoride  content  of,  i7t’> 

Human;  See  also  Infant  Feedinji. 
Lactation  .  .  , 

percentage  composition  oi 

(table),  340  ,  oi,- 

vltamin  content  of,  341.  3.li 


in  infant  feeding,  330 
supplements  to,  3.)1 
iodine  in,  131,  141 
effect  on  growth,  H8 
iron  content  of,  34.5 
mineral  elements  of  (table), 
niacin  content  of,  349 
nutritive  value  of,  281  _ 

Iihoaphorus  content  of,  34;> 
programs,  420 
proximate  composition  of. 


273 


201. 


270 


riboflavin  content  of,  349 


skim,  281 

source  of  ascorbic  acid.  _230 
of  pantotlienic  acid.  227 
of  pyridoxine,  224 
of  riboflavin,  219 
of  thiamine,  215 
of  vitamin  A,  274 
thiamine  content  of,  347 
loss  in,  348 

trace  elements  in,  153,  154 
vitamin  A  content  of,  187,  346 
vitamin  C  loss  in  pasteurization, 
277 

vitamin  content  bf,  216,  275 
vitamin  1)  content  of,  321,  330, 
350 

Milling,  effect  on  thiamine  content 
of  food,  292 

Minerals,  association  of  jiliosphorus 
with  other  minerals  in  liody, 
100 

average  dailv  mineral  lialances, 
96 

composition  of  body,  92,  93 
of  foods,  93 
content  of  flour,  243 
of  fruits,  255 
of  leafy  vegetables,  251 
of  legumes,  248 
of  meat,  272,  273 
of  oatmeal,  246 
of  potatoes,  249 
of  rice,  247 
of  rye  flour,  247 
of  sugar,  syrups  and  molasses. 

256 

effect  of  cultivation  of  plants. 

329 


electronegative,  inetaliolism  of, 
113 

electropositive,  metaliolism  of, 
112,  113 
excess,  113 

food  values  of  natural  grains 
and  limits  of  “restoration” 
(table).  325 

in  blood,  determination  of,  454 


Minerals— Continued 

in  diet,  67 
of  aged,  380 
of  children,  358 
loss  during  acidosis,  110 

during  lilancliing  for  frozen 
and  canned  foods.  306 
metabolic  balances,  95 
negative,  effect  of  diet  on  reten¬ 
tion  of,  114 
excretion  of,  112 
metabolism  of,  113 
percentage  composition  of  milk 
(table),  340 

physiologic  role  of,  92 
policy  of  Committee  on  Food  .and 
Nutrition  of  National  Re¬ 
search  Council  regarding  en¬ 
riched  food,  323 
of  Council  on  Foods  and  Nu¬ 
trition  regarding  enriched 
foods,  322 

of  federal  government  regard¬ 
ing  cnriclied  foods,  325 
positive,  balances,  110 

effect  of  diet  on  retention  of. 
114 

excretion  of,  112 
importance  in  bone  growth,  112 
metabolism  of,  112 
principal  elements  in  nutrition, 
91 

requirement  of.  8 

during  pregnancy  and  lacta¬ 
tion,  386 

restoration,  principle  of,  321, 
327 

trace  elements  in  nutrition,  153 
Molar  .sodium  lactate  in  treatment 
of  dehydration,  89 
Molasses,  nutritive  value  of,  256 
Molecular  weiglit  of  proteins,  14, 
15 

Morliidity,  influence  of  malnutri¬ 
tion  on,  470 

Mottled  Enamel ;  See  under  Teeth 
Mucous  membrane  lesions  and  vita¬ 
min  deficiency,  527 
Muscles,  cholesterol  content  of,  44 
cramps  due  to  sodium  cliloride 
deficiency,  79 
effect  of  vitamin  E  on,  200 
minerals  involved  in  formation 
and  activities  of,  92 
liliosphocreatine  content  of,  46 
idiospholipid/cholesterol  ratio  of 
(talile),  45 

phospholipid  content  of  (table), 
45 

Myxedema,  depression  of  basal 
metabolism,  63 

jirinciple  of  thyroxin  formation 
and  decay,  149 

Nakruitis,  effect  of  cobalt  on,  164, 
165 

National  Nutrition  Conference  for 
Defense,  10,  419,  512 
National  Researcli  Council,  Com¬ 
mittee  on  Food  and  Nutri¬ 
tion,  enrichment  of  food, 
126,  323 

formation  of,  10 
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.Nalional  Ueseareh  Council— Cont’d 
recommended  daily  allowance  for 
iron,  119,  121 
for  specific  nutrients,  280 
of  calories,  65 
of  nicotinic  acid,  222 
of  rlbofiavln,  218 
of  thiamine,  215 
of  thiamine  for  infants,  348 
of  vitamin  A,  188 
recommended  dietary  allowances, 
333 

National  Resources  Planning  Board, 
report  on  canning,  309 
National  Study  Committee  on  En¬ 
demic  Goiter,  resolution  from, 
151 

Nepliritis,  cause  of  death  (table), 
375 

Nephrons,  function  of,  82 
Nephrosis,  blood  cholesterol  in,  44 
Nerves,  effect  of  vitamin  E  on, 
200 

Nervous  System  ;  See  also  Brain  ; 
Nerves ;  etc. 

and  vitamin  A  deficiency,  187 
effect  of  vitamin  E  deficiency  on, 
200 

Newborn  Infants ;  See  also  Infants 
calcium  content  of,  343 
mineral  composition  of,  93 
prevention  of  brain  hemorrhage 
of,  212 

prothrombin  deficiency  of,  211 
treatment  of,  212 
vitamin  K  requirements  of,  205 
Niacin :  See  Nicotinic  acid 
Nicotinic  Acid:  See  also  Vitamins, 
B 

antlpellagrlc  factor,  276 
content  of  flour,  243 
deficiency,  220,  493 
and  sunlight,  531 
pellagra  due  to,  220 
formula  for,  219 
function  of,  220 

in  blood,  determination  of,  453 
in  urine,  determination  of,  456 
niacin  content  of  milk,  349 
deficiency,  441 
potency  of  foods,  221 
recommended  dietary  allowances 
of  niacin,  335 
requirement  of,  222 
source  of,  222 
Night  blindness,  460 

manifestation  of  vitamin  A  de¬ 
ficiency,  475 
occurrence  of,  476-485 
ocular  changes  in  vitamin  A  de¬ 
ficiency,  190 

Nitrogen  content  of  Infant  and 
fetus,  changes  in^  342 
fecal  excretion  of,  63 
metabolism,  23-24 

association  with  potassium,  107 
Norlucelne,  amino  acid  not  essen¬ 
tial  for  growth  (table),  23 
Nutrition:  See  also  Deficiency  Dis¬ 
eases  ;  Diet :  Dystrophy ; 
Food  ;  Infants ;  Metabolism  ; 
Vitamins 


.Nutrition— Continued 
activities  of  Federal  Securllv 
Agency,  10 

of  local  health  department,  517 
of  state  health  departments 
512,  516 

adequate,  problem  of,  508 
civilian  wartime  food  program, 
513 

conference  for  defense,  10,  280 
419,  512  '  >  . 

deficl«icy,  manifestations  of,  10, 

methods  of  appraisal,  449 
methods  of  therapy,  559-562 
recognition  of,  8,  9 
determination  of  standards  of 
weight  in.  430 
division  of  population,  94 
factor  in  pregnancy,  400 
factors  essential  for  satisfactory 
nutrition,  319 

factors  Increasing  nutritive  re¬ 
quirement  (table),  531 
feeding  the  aged,  365 

of  healthy  Infants  and  chil¬ 
dren,  339,  354 

food  and  cardiovascular  system, 
373 

food  stamp  program,  420 
formation  of  Food  and  Nutrition 
Board  of  National  Researcli 
Council,  10 

growtli  as  measure  of,  428 
htstory  (table),  548 
hunger  osteomalacia.  490 
importance  of  zinc  in,  166 
Improvement  in,  12 
in  preventive  medicine,  473 
indexes.  431 
industrial,  514 

interest  of  government  In,  10 
iodine  In,  129,  148 
iron  in,  115 
knowledge  of,  7 

longitudinal  procedure  as  mea¬ 
sure  of,  433 

malnutrition  and  increased  ex¬ 
cretion,  339 
conditioned,  521 
degree  of,  425 

examinations  for  detection 
(table),  525 

gross  evidences  of,  523 
incidence  of,  416 
influence  on  morbidity,  470 
possible  nonspeciflclty  of  cer¬ 
tain  lesions  of,  522 
prevalence  of,  322,  468 
prevention  of,  473 
produced  by  diet,  529 
market  lists,  423 
nutritional  anemia,  454,  506-508 
nutritional  character  of  meat. 
260 

nutritional  edema,  475 

reports  of  occurrence  of 
(table),  477 

nutritional  status,  methods  of 
examination  for,  425-427 
relation  of  body  build  to.  430 
nutritive  quality  of  diet.  417 
object  of  studies  in.  11 
of  primitive  people.  279,  280, 

284 
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Nutrition-Continued 

percentage  of  families  liavlnt- 
diets  of  nutritive  value,  41.i 
preservation  of  nutritive  ® 

foods  In  processing,  297 
principal  mineral  elements  in,  hi 
principles  of,  436 
program,  512-513 
proteins  in,  13  „„„„„ 

recommended  dietary  allowances, 
.333-335 

relation  of  Inositol  to, 
relation  to  teeth,  380, 
requirements  for,  280 
in  pregnancy  and 
38.5 

research  in,  9 

role  of  physicians  in,  51a 

significance  of  biotin  in,  229 

of  pantothenic  acid  in,  226 

states  of  avitaminosis,  445 

trace  elements  in,  153 

unusual  foods  of  high  nutritive 


232 

399 

lactation, 


value,  279 
value  of  fats,  52 
of  fish,  284 
of  foods,  8 
of  fruits,  287 
of  meat,  283 
of  milk,  281 
of  vegetables,  288 
war  osteopathy,  490 
Nuts,  nutritive  values  of,  248 
Nyctalopia  :  See  Night  blindness 


Oatmeal:  See  also  Oats 
food  values  and  limits  of 
"restoration,”  325 
in  diet,  246 

mineral  content  of,  246 
source  of  thiamine,  215 
vitamin  content  of,  216,  246 
Oats:  See  also  Oatmeal 
in  diet,  246 
nutritive  value  of,  291 
thiamine  content  of,  329 
whole,  source  of  nicotinic  acid, 
222 

Occupations,  calorie  requirement 
for  (table),  64,  65 
Oil ;  See  also  Cod  liver  oil 
vegetable,  257 

Okra,  vitamin  content  of,  254 
Old  age  and  vitamin  A  deficiency, 
524 

calcium  and  phosphorus  ratios 
in  body  of  ageS,  382 
diet  of  aged.  365,  383 
and  teeth,  380 
carbohydrates  in,  380 
fat  in,  378 
minerals  in,  380 
vitamins  in,  381 

dissociation  of  aging  and  arterio¬ 
sclerosis,  373 
employment  of  aged,  368 
fallacy  of  food  restriction  for, 
368 

feeding  the  aged,  365 
food  and  cardiovascular  system. 
373 

availability,  368 
in  deficiency  diseases,  449 
operations  after  65.  383 
problems  of,  365 


Old  age-  I'ontinued 

protein  requirement  in  aged.  O'* 
social  and  esthetic  aspects  ot 
eating,  375 

Oleic  Acid:  See  under  Acid 
Oleomargarine  fortified  with  vita¬ 
min  A,  321  „  wi  i 

proximate  composition  of  (table), 
270 

Onions,  vitamin  content  of,  251 
Ophthalmoplegia:  See  Eyes,  paral- 
ysis 

Oranges,  juice  in  Infant  feeding. 

peel,  source  of  vitamin  K,  205 
vitamin  content  of,  216 
Osmotic  diuretics,  action  of,  8( 
Osteomalacia,  cause  of,  10- 
etiology  of,  490 
occurrence  of,  489 
of  hunger,  490 
Osteopathy  of  war,  490 
Osteoporosis :  See  Bones,  fragility 
Ovalbumin,  molecular  weight  of 
Uable),  15 

source  of  (table),  15 
Oxygen :  See  also  Respiration 
destructive  role  toward  vitamin 
C,  299,  308 

Oysters,  nutritive  value  of,  -8.> 
proximate  composition  of  (table), 
270 

YTolima  aF 


Painters,  calorie  requirement  of, 
64 

Pantothenic  acid,  225 
and  filtrate  factor,  225 
content  of  food,  227 
of  flour,  243 
deficiency,  225 

gray  hair  due  to,  226 
formula  for,  225 
loss  during  cooking,  227 
requirement  of,  227 
significance  in  nutrition.  226 
source  of,  227 
synthesis  of,  225 

Papaya,  source  of  vitamin  C,  288 
Paprika,  source  of  citrin,  236 
Para-Amlnobenzolc  Acid:  See  »in- 
der  Acid 

Parenteral  fluid  administration  in 
dehydration,  89 

Parsley,  vitamin  content  of,  254 
Parsnips,  vitamin  C  loss  in,  301. 
302 

Pasteurization,  loss  of  vitamins  in 
milk  by,  277 

Patients,  estimation  of  diet  calories, 
66 

general  basic  diet  for,  66 
Peanut  butter,  nutritive  values  of. 
248 

yeasted,  286 

Peanuts,  nutritive  values  of,  248. 
295 

source  of  nicotinic  acid,  222 
of  thiamine,  215 
vitamin  content  of,  216 
Pears,  loss  of  vitamin  C  in,  303 
Peas,  average  milligram  values  for 
ascorbic  acid  (table).  303 
extractive  effects  of  blanching  on 
ascorbic  acid  content  of 
(table),  307 
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I’l'iis—  Continued 
source  of  protein,  247 
of  thiamine,  215 
vitamin  C  loss  in.  .S02 
vitamin  content  of.  21(i 
IVllaitra  :  See  ai.so  Kil)of1avin 
and  sunlitilit.  531 
course  of.  439 
deaths  from,  493,  498 
due  to  high  cornmeal  and  patent 
flour  diet,  222 

to  nicotinic  acid  deficiency,  220 
incidence  of  (table).  490-497 
nicotinic  acid  antipellagric  factor, 
27  0 

nicotinic  acid  deficiency,  493 
occurrence  of,  493 
states  of,  447 
therapy  of,  560 

I’emplilgus,  vitamin  D  treatment 
of,  199 

Peppers,  vitamin  content  of,  254 
Pepsin,  molecular  weight  of  (table), 
13 

source  of  (table),  15 
Peptidases,  activating  effect  of 
manganese,  161 

Peptides,  formatio!i  of  dii>eptide. 
13-17 

Perosis,  role  of  manganese  in  pre¬ 
vention  of,  156 

Phenylalanine,  amino  acid  essen¬ 
tial  for  growth  (table).  22 
Pliosphatase,  activating  effect  of 
manganese,  160 
value  for  rickets,  197 
Pliosphate,  concentration  in  arterial 
plasma,  73 

in  regulation  of  acid-base  equi¬ 
librium,  86,  87 

Pliosphocreatine  content  of  lieart 
and  muscle,  46 

Pliosphoglucomutase,  activating  ef¬ 
fect  of  manganese,  160 
Pliospholipids,  35-41 
and  fats,  difference  between,  37 
content  of  tissues,  45 
types  of,  36 

Pliosplioric  acid,  importance  in 
carboliydrate  metabolism,  36 
Pliosphorus  and  calcium  ratios  in 
body  of  aged,  382 
association  wltli  otlier  minerals 
in  body,  100 
content  of  infants,  345 
of  milk,  345 

daily  intake  and  retention  of, 
97 

distribution  in  body,  100 
excretion  of,  100,  101 
involvement  in  formation  and 
activities  of  muscle,  92 
involvement  in  formation  and 
function  of  bone,  92 
metabolism,  action  of  vitamin  D 
on,  196 

principal  mineral  of  body,  92 
requirement  during  growth,  101 
during  pregnancy,  101,  388 
retention  of,  100,  101.  102 
to  calcium  ratios  at  different  ages 
(table),  103 
in  diet,  101,  102 

Physician,  concern  with  calories, 
55 

rfde  in  nutrition,  515 


I’ianklon,  nutritive  value  of.  286 
Plants,  foods  of  plant  origin,  241 
Pneumococcus,  molecular  weight  of 
a  n  t  i  p  n  e  u  m  0  c  o  c  c  u  s  serum 
globulin  (table),  15 
source  of  antipneumococcus  serum 
globulin  (table),  15 
Pneumonia,  cause  of  death  (table). 
375 

Poisoning:  See  under  Selenium 
Polyc.vthemia  due  to  cobalt,  162 
Polyiieptide,  formation  of,  15 
Population,  division  of,  94 
I’orgy,  j)roximate  composition  of 
(table),  271 

Pork,  composition  of  (table),  274 
proximate  composition  of  (table), 
271 

source  of  thiamine,  215 
vitamin  content  of,  216,  275 
Potassium,  association  wltli  nitro¬ 
gen  metabolism,  107 
concentration  in  arterial  plasma, 
73 

daily  intake  and  retention  of 
(table),  97 
excretion  of,  85,  107 
in  body  fluids,  92,  93 
involvement  in  formation  and 
activities  of  muscle,  92 
iodide,  use  as  stabilizer,  151 
metabolism  of,  107 
in  pregnancy,  107 
lu'incipal  mineral  of  body,  92 
to  sodium  ratio,  108 
Potatoes,  calorie  content  of,  249, 
230 

consumption  of,  249,  404 
iodine  content  of,  329 
mineral  content  of,  249 
nutritive  values  of,  249 
source  of  nicotinic  acid,  222 
storage  losses  of  vitamin  C  in. 
300 

sweet,  consumiition  of,  249 
source  of  carotene,  289 
vitamin  content  of,  216,  249 
Poultry,  vitamin  content  of,  216 
Pregnancy :  See  also  Fetus 
and  dental  caries,  399 
ascorbic  acid  requirement  during, 
396 

basal  metabolism  during,  386 
blood  iodine  in,  137 
calcium  requirement  in,  98,  388 
calcium  to  magnesium  ratio  in 
(table),  103 

calcium  to  phosphorus  ratio  in 
(table),  103 

calorie  requirement  during.  68, 
386 

diet,  98,  386 

carbohydrates  in,  386 
effect  on  fetal  bones,  390 
fat  in,  386 
influence  of,  103 
iodine  excretion  during.  140 
iron  metabolism  in, 
iron  requirements  for,  l-U,  i-i. 
123  390 

magnesium  requirement  in,  10' 
mineral  metabolic  balances,  ■  * 
nutrition  a  factor  in,  400 
nutritional  anemia  in,  50< 
nutritive  requirements  in,  .'S.i 


ixniix 


581 


I’ri'Hiiaiicy  -Contiiua'd 

phospliorus  mniiifiiieiils  (linnii,. 
101,  38« 

plasma  vitamin  C  diirinst.  30 1 
positive  and  nesiative  mineral 
balances  (table).  111 
potassium  metabolism  in.  10" 
protein  requirements  during.  387 
recommended  dietary  allowances. 
33.').  391 

riboflavin  requirement  during, 
390 


sulfur  metabolism  in,  UI6 
tliiamine  requirement  during,  215, 
39.J 


lliyroid  hyperplasia  in,  135 
toxemia,  treatment  with  vitamin 
K.  202 

vitamin  A  requirement  during, 
189,  393 

vitamin  B  complex  during.  395 
vitamin  I>  requirement  in,  198, 
388 


vitamin  K  re(|uirement  during, 
398 

vitamin  K  requirement  of,  398 
I’remature  infants,  importance  of 
fat  excretion  in  feeding,  63 
susceptibility  to  rickets,  342 
Preserves,  legal  standards  for,  315 
Primitives,  nutrition  of,  279,  280, 
284 


Processing,  preservation  of  nutri¬ 
tive  value  of  foods  in,  297 

Prostration  due  to  sodiitm  chloride 
deficiency,  79 

Proteinate.  concetitration  in  arteriai 
idasma,  73 

Proteins:  See  also  Albumin;  Amino 
acids:  Enzymes;  Nitrogen; 
etc. 

atnount  in  general  basic  diet,  66 
deflcieticy  in  children’s  diet,  360 
digestibility  of  whole  wheat 
bread,  245 
dgestion,  19 
cflect  of  cooking  on.  31 
enzymes,  13,  18 
hormones,  13 
hydrolysates,  26 
in  Blood:  See  Blood,  proteins 
in  diet,  amount  of,  27 
Voit  standard  of,  29 
in  nutrition,  13-32 
intake  and  liver  efficiency,  376 
during  summer,  81 
molecular  weight  of,  14,  15 
nutritive  value  of,  406 
recommended  dietary  allowances, 
335 


retiuirement,  27,  30 

during  pregnancy  and  lacta¬ 
tion,  30,  387 
of  aged,  376 
of  infant,.  339 
role  of,  13 


source  of,  15,  17,  242,  243,  247, 
285,  286 

synthesis  of,  25 

universal  component  of  tissues. 
13 


virus,  14 


Prothrombin  :  Sec  also  Blood,  pio- 
thrombin 

deficiency,  207  « 

detection  in  diagnosis  ot  tien- 
ciency  disease,  554 
due  to  inadecpiate  intestinal 
absorption,  208,  209 
due  to  liver  injury,  209.  210 
in  newborn  infants,  210,  211, 
212 

treatment  with  menadione,  212 
treatment  with  vitamin  K.  211 
in  Blood:  See  under  Blood 
Pruritus,  vaginal,  treatment  with 
vitamin  E,  202 

Psoriasis,  vitamin  1>  treatment  ot, 
191) 

Psychology  of  infant  feeding,  354 
Puberty :  See  Adolescence 
Public,'  education  regarding  en¬ 
riched  foods.  331 

Pulse  rate  in  basal  metabolic  test, 
57  ^ 

Pumpkin,  vitamin  content  of,  2.j1 
Pyrazine  Acid  :  See  under  Acid 
Pyridine  derivatives,  antililack- 
tongue  activity  of.  221 
Pyridoxine,  222.  See  also  Vita¬ 
mins,  B 

content  of  flour,  243 

of  food,  determination  of,  224 
deficiency,  223 

acrodynia  due  to,  223 
symptoms  of.  224 
formula  for,  223 
mechanism  of  function,  223 
source  of,  224 

Quinolinic  acid,  effect  on  black- 
tongue,  221 

Race,  improvement  of,  1 1 
Uecords,  form  for  recording  his¬ 
tory,  551,  553.  555 
Hecruits :  See  also  Military  medi¬ 
cine 

inadequate  teeth  of,  381 
Ueproduction ;  See  also  Pregnancy 
eft’ect  of  manganese  on,  155,  156 
of  vitamin  E  on,  200-201 
Reptiles,  nutritive  value  of,  284 
Respiration,  hysterical  hyperven¬ 
tilation,  78 
mechanism  of,  77 

Respiratory  tract,  diseases,  cause 
of  death  (table),  375 
Restoration,  principle  of,  321,  327 
Retention,  definition  of,  95 
Retina,  ocular  changes  in  vitamin 
A  deficiency,  190 

Riboflavin;  See  also  Pellagra; 
Vitamins,  B 
content  of  flour,  243 
of  foods,  218,  275 
of  leafy  vegetables,  253 
of  milk,  349 
deficiency,  218,  498-499 

and  corneal  vascularity,  525- 
526 

cataract  due  to,  218 
diagnosis  of,  554 
incidence  of  (table),  500 
therapy  of,  560 
formula  for,  217 
in  enzymes,  217 
in  urine,  determination  of,  456 
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Kiboflaviii — Continued 
losses  in  cooking,  277 
nutritive  value  of,  40(5 
recommended  dietary  allowances, 
335 

reuuiremeut  of,  218 
during  pregnancy  and  lacta¬ 
tion,  396 

Kice,  source  of  pyridoxine  (rice 
bran),  224 

dominant  cereal  in  Orient,  320 
germ  oil,  source  of  vitamin  E, 
201 

in  diet,  247 
mineral  content  of,  247 
nutritive  value  of,  294 
polishings  in  treatment  of  disease 
due  to  vitamin  B  deficiency, 
561 

vitamin  content  of,  247 
Rickets  :  See  also  Vitamins,  D 
cause  of,  102 
deaths  from  (table),  491 
definition  of,  485 
diagnosis  of,  554 
effect  of  fluorine  on,  174 
forms  of,  446 
incidence  In  children,  488 
mortality  of,  489 
occurrence  of  (table),  486-487_ 
susceptibility  of  Infants  to,  350 
of  premature  infants  to,  342 
tetany  in,  491 
therapy  of,  198-199,  562 
value  for  phosphatase,  197 
Roe,  proximate  composition  of 
(table),  271 

Rosa  canlna,  source  of  vitamin  C, 
288,  315 

Roughage,  source  of,  254 
Rubner  values  for  diet  calculation, 
68 

Rye  In  diet,  247 

mineral  content  of,  247 
nutritive  value  of,  292 
thiamine  content  of,  329 
vitamin  content  of,  247 

Salmon,  proximate  composition  of 
(table),  271 

source  of  vitamin  D,  197 
Salt;  See  also  Sodium  chloride 
and  water  requirements  in  health 
and  disease,  71 
Iodized,  142,  143 

Committee  of  Michigan  State 
Medical  Society,  143 
objections  to  use  of,  145 
use  of,  151 
loss  by  sweating.  78 
sickness,  effect  of  cobalt  on,  164, 
165 

table.  Iodized,  321 
Sardines,  source  of  vitamin  U,  197 
Sausage,  proximate  composition  of 
(table),  271 

Scallops,  proximate  composition  of 
(table),  271 

School  lunch  program,  420 
Sclerosis,  amyotrophic  lateral,  treat¬ 
ment  with  vitamin  E,  202 
Scurvy,  467,  499,  501-503.  See 
also  Ascorbic  acid 
and  gingival  lesions.  467 
bone  changes  in.  444 


Scurvy — Continued 
course  of,  439 

|•e|)orts  of  vitamin  C  deficiency 
(table),  501 
therapy  of,  560 

tomato  juice  as  antiscorbutic.  297 
types  of,  441.  447 
Seamstress,  calorie  requirement  of. 
64 

Seasons,  thyroid  gland  iodine  con¬ 
centration,  133 

Seaweed,  source  of  vitamin  K,  205 
Sebrell,  W.  H. :  Nutrition  in  pre¬ 
ventive  medicine,  473 
Seeds,  source  of  inositol,  233 
Selenium  poisoning,  179 
Senility  :  See  Old  age 
Serine,  amino  acid  not  essential 
for  growth  (table),  23 
Serum :  See  Blood 
Servants  household,  calorie  re¬ 
quirement  of,  64 

7-dehydrocholesterol,  form  of  vita¬ 
min  D,  196 

Sex  Hormones :  See  Hormones 
Shellfish,  chief  type  of  food  of 
animal  origin,  259 
Sherman,  H.  C. :  Foods  of  animal 
origin,  259 

Shils,  M.  E. ;  Trace  elements  in 
nutrition,  153 

Shoemakers,  calorie  requirement  of, 
64 


Shohl  values  of  mineral  com¬ 
position  of  body,  93 
Skin,  changes  in  vitamin  A  defi¬ 
ciency,  191 

cutaneous  loss  of  sulfur,  106 
diseases  of  vitamin  A  deficiency. 


475,  484 

excretion  of  potassium,  107 
of  sodium,  109 

Snails,  nutritive  value  of,  285 

Soap,  Importance  in  fat  absorp¬ 
tion,  47 

Sodium,  association  with  blood 
plasma  and  extracellular 
fluids,  108 

concentration  in  arterial  plasma, 
73 

dally  Intake  and  retention  of 
(table),  97 
excretion  of,  108 

effect  of  adrenal  cortical 
steroids  on,  86 
in  body  fluids,  92,  93 
involvement  in  formation  and 
function  of  bone,  92 
metabolism  of,  108 
principal  mineral  of  body,  92 
racemic  lactate  in  treatment  of 
dehydration,  89 
reabsorption  of,  85 
to  potassium  ratio,  108 

Sodium  Chloride :  See  also  Salt 
deficiency,  79 
prevention,  80 
treatment  of,  80.  81 
in  treatment  of  dehydration,  8. 

Soy  beans,  nutritive  values  of.  248, 
295 

oil.  source  of  vitamin  K,  205 

Spermatozoa,  effect  of  arginine  on 
24 

S()hingom)’elin.  formula  of.  37 
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Spies,  T.  I>.  ;  rrinciples  of  diet  in 
treatment  of  disease,  545 
Spinach,  average  milligram  values 
for  ascorbic  acid  (table), 
303  ,,- 

source  of  ascorbic  acid,  23b 
of  vitamin  K,  205 
vitamin  C  loss  in,  302 
vitamin  content  of,  216 
Squab,  proximate  composition  oi 
(table),  266 

Squash,  vitamin  content  of,  254 
Starvation,  effect  on  normal  iodine 
balance,  139 

Stearic  Acid:  See  under  Acid 
Sterility:  See  also  Reproduction 
manifestation  of  vitamin  E  defi¬ 


ciency,  200 

treatment  with  vitamin  E,  20- 
Stiebellng,  H.  K. :  Adequacy  of 
American  diets,  403 
Stone  masons,  calorie  requirement 
of,  64 

Storage,  effect  on  vitamin  C,  298 
Sucrose,  action  on  renal  exchange, 
87 


Sugar:  See  also  Carbohydrates: 

Dextrose  ;  Sucrose  ;  etc. 
Sugar,  consumption  of,  404.  405 
consumption,  excessive,  283 
in  child,  357 
in  diet,  256 

Suicide,  cause  of  death  (table). 


375 

Sulfapyridine  therapy  and  defi¬ 
ciency  diseases,  538 
Sulfur,  cutaneous  loss  of,  106 
daily  Intake  and  retention  of, 
97 


excretion  of,  105 
Involvement  in  formation  and 
activities  of  muscle,  92 
Involvement  in  formation  and 
function  of  bone,  92 
metabolism  of,  105 
in  lactation,  106 
in  pregnancy,  106 
principal  mineral  of  body,  92 
retention  of,  106 
significance  in  body,  105 
Sunlight  and  pellagra,  531 
Surgery,  Iodine  excretion  in,  140 
operations  after  65,  383 
Sweating,  excessive,  necessity  of 
liberal  Intake  of  fluid,  81 
in  heat  loss,  60,  61 
salt  loss  by,  78 
vitamin  excretion  by,  539 
volume  of  sweat  lost.  79 
water  loss  by,  76,  78 
Swede  juice,  250 

Swordfish,  proximate  composition 
of  (table),  271 

Syrups,  nutritive  value  of,  256 


Tailor,  calorie  requirement  of,  64 
Talbott,  .T.  H. :  Water  and  salt 
requirements  In  health  and 
disease,  71 

Taro,  nutritive  value  of,  289 
Teeth  and  diet  of  aged,  380 
and  mineral  metabolism,  102 
calcium  In  tooth  structure,  98 
chronic  endemic  dental  fluorosis. 
169 


Teetli— Continued 

dental  caries  and  diet,  35.j 
and  pregnancy,  399 
relation  of  fluorides  to,  1<6, 
177 

inadequate,  of  recruits,  381 
mottled  enamel,  cause  of.  169 
distribution  in  U.  S.,  171 
etiology  of,  171 
relation  of  fluoride  concentra¬ 
tion  to  incidence  of,  170 
relation  of  nutrition  to,  399 
Temperature,  normal,  regulation  of. 
61 

regulation  during  fever,  61,  62 
Tension  during  basal  metabolic 
test,  56 

Tetany  in  rickets,  491 
occurrence  of,  490 
Thiamine:  See  also  Beriberi;  Vita¬ 
mins,  B 

content  of  cereal  grains,  329 
of  flour,  243 
of  foods,  275 
of  milk,  347 

deficiency,  214,  215,  492,  541 
and  ophthalmoplegia,  527 
detection  of,  451 
in  children’s  diet,  357 
reports  of  (table),  494-495 
destruction  of,  541 
effect  of  roller  milling  on  food, 
292 

effect  on  appetite,  358 
formula  for,  214 

international  units  in  beans,  395 
loss  in  canning,  310 

in  cooked  vegetables,  304 
in  cooking,  277 
in  milk,  348 
in  toasted  bread.  317 
method  for  estimation  of,  215 
nutritive  value  of,  406 
recommended  daily  allowance, 
215,  335 

requirement  of,  215 
during  pregnancy,  395 
source  of,  215,  287 
standard  allowance  for  infants, 
348 

Thirst,  pathogenesis  of,  75,  76 
Threonine,  amino  acid  essential  for 
growth  (table),  22 
Tliyroglobulin,  molecular  welglit  of 
(table),  15 

•source  of  (table),  15 
Thyroid,  diseases,  value  of  basal 
metabolism  test,  58 
geographic  distribution  of  iodine. 
133 

hyperplasia  in  pregnancy,  135 
hyperthyroidism,  iodine  excretion 
in,  140 

iodine  induced,  145 
iodine  content  of,  132 
normal,  and  iodine,  131 
pathologic,  and  iodine,  134 
secretion,  effect  on  blood  choles¬ 
terol,  44 

Thyroidectomy,  effect  on  blood 
iodine,  140 

Thyroxin,  principle  of  formation 
and  decay,  149 

Tin  containers  for  canned  foods 
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Tissues,  ascorbic  acid,  (iistribution 
of,  276 

ascorbic  acid,  estimation  of,  45!) 
ciiaiiges  in  deficiency  diseases, 
444 

clioiesterol  content  of,  44 
iiietiiod  for  determination  of 
nicotinic  acid,  221 
piiospholipid  content  of,  45 
I)roteins  as  universai  component 
of,  13 

soft,  requires  negative  minerals, 
111 

trace  elements  in,  153,  154 
Tocoplierol,  200 

Tomatoes,  juice  as  antiscorbutic, 
297 

juice,  vitamin  C  content  of,  302 
source  of  ascorbic  acid,  236 
of  vitamin  K,  205 
vitamin  content  of,  216,  251 
Toxemia  of  pregnancy,  treatment 
with  vitamin  E,  202 
Trace  elements  of  body,  153 
Tropical  languor  (sodium  chloride 
deficiency),  79 

Tryptoplian,  amino  acid  essential 
for  growth  (table),  22 
Tul)erculosls,  cause  of  death 
(table),  375 

Tuna,  proximate  composition  of 
(table),  271 

source  of  vitamin  D,  197 
Tuohy,  E.  L. :  Feeding  the  aged, 
365 

Turkey,  proximate  composition  of 
(table),  271 

Turnips,  greens  as  source  of  cal¬ 
cium,  252 

vitamin  content  of,  216,  250 
Tyrosine,  amino  acid  not  essential 
for  growth  (table),  23 

Ulcer,  cause  of  deatli  (table),  375 
clironic,  vitamin  D  treatment  of, 
199 

I'rea,  action  on  renal  excliange,  87 
Urease,  molecular  weiglit  of  (ta¬ 
ble),  15 

source  of  (table),  15 
Urine :  See  also  Diuretics 
acidification  of,  86 
action  of  diuretics  on.  87 
deficiency  diseases  and  Increased 
excretion,  539 

determination  of  vitamins  in,  456 
excretion,  factors  increasing  (ta¬ 
ble),  540 
of  calcium,  99 
of  chlorine,  109 
of  iodine,  140 
of  iron,  115 
of  magnesium.  105 
of  phosphorus.  100,  101 
of  iwsitive  and  negative  min¬ 
erals,  112 

of  potassium,  85,  107 
of  sodium,  lOS 
f)f  sulfur,  105 
formation  of.  83-85 

of  glomerular  filtrate,  83,  84 
positive  and  negative  minerals 
of.  112 

vitamins  in.  450 
water  loss  by,  7(i 


Vagina,  pruritus,  treatment  wltli 
vitamin  E,  202 

Valine,  amino  acid  essential  for 
growth  (table),  22 
Veal,  composition  of  (table),  274 
proximate  composition  of  (table), 
271 


Vegetal)les  :  See  also  under  names 
of  vegetables,  as  Beans; 
Ua riots;  etc. 

average  milligram  values  for 
ascorbic  acid  (table),  303 
bleached,  nutritive  value  of,  315 
boiled,  loss  of  vitamin  C  in,  304 
consumption  of,  404,  409 
cooked,  loss  of  tliiamine  in,  304 
deliydration  of,  314 
frozen,  307 

green,  color  stabilization  in  can¬ 
ning,  310 

in  infant  feeding.  353 
iodine  in,  130 
leafy,  iron  content  of,  252 
mineral  content  of,  251 
riboflavin  content  of,  253 
source  of  rougiiage,  254 
vitamin  C  content  of.  253 
vitamin  content  of.  251 
nutritive  values  of,  248,  288 
oils,  257 

source  of  carotene,  288 
of  clioline,  229 
of  nicotinic  acid.  222 
of  pyridoxine,  224 
of  thiamine,  215 
utilization  of  calcium  in.  99 
Vernix  caseosa,  manifestation  of 
vitamin  A  deficiency,  192 
Viosterol,  form  of  vitamin  1),  195 
A'irus,  molecular  weight  of  bushy 
stunt  virus  (table),  15 
proteins,  14 

source  of  bushy  stunt  virus 
(table),  15 

Vital  Statistics,  causes  of  death 
(table),  375 

deaths  from  pellagra,  493,  498 
deatlis  from  rickets  (table),  491 
influence  of  malnutrition  on  mor¬ 
bidity,  470 

Vitamins  :  See  also  Ascorbic  acid  ; 
Nicotinic  acid  ;  Pyridoxine ; 
Kiboflavin  ;  Tliiamine 


allowances  based  on  average 
size,  sex  and  activity,  33(! 
concentrates,  239 
content  of  beets.  251 
of  carrots.  250 

of  commercial  concentrates,  238 
of  corn  meal,  245 
of  flour,  243 
of  foods,  216,  274 
of  food,  effect  of  roller  milling 
on,  292 
of  fruits,  255 
of  leafy  vegetables,  251 
of  legumes.  248 
of  milk,  341 
of  oatmeal,  246 
of  onions,  251 
of  potatoes,  249 
of  rice.  247 
of  rye  flour.  247 
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Vitamins,  content — Contimicd 
of  tomatoes,  251 
<if  turnips,  250 
of  vegetable  oils,  257 
Deflciency :  See  also  Berilterl , 
Deficiency  diseases ;  etc. 
and  interference  witli  utiliza¬ 
tion,  537 

and  mucous  membrane  lesions, 
527 

and  siinliglit,  531 
beriberi  due  to,  436 
Idood  values  in,  465 
determination,  choice  of  nietli- 
ods,  464 

manifestations  of,  10,  11 
recognition  of,  8,  9 
states  of  avitaminosis,  445 
destruction,  540 
designation  of,  436 
diet  plans  that  meet  dietary 
allowances,  337,  338 
effect  of  cultivation  of  plants, 
329 

enriched  flour,  126,  127,  243,  293, 
320,  328,  419 

enriched  foods,  polic3’  of  Com¬ 
mittee  on  Food  and  Nutri¬ 
tion  of  National  Kesearcli 
Council,  323 

policy  of  Council  on  Foods  and 
Nutrition,  323 

policy  of  federal  government. 
325 

excretion,  539,  540 
factors  for  wliich  dietary  allow¬ 
ances  are  not  given,  336 
factors  increasing  destruction 
(table),  540 

factors  increasing  exci-ption  (ta¬ 
ble),  540 
fat  .soluble,  185 

food  values  of  natural  grains 
and  limits  of  "restoration,” 
325 

in  blood  and  urine,  450,  456 
in  diet,  67 
of  aged.  381 

in  urine,  determination  of,  456 
lo.ss  during  blanching  for  frozen 
and  canned  foods,  306 
in  cooking,  253,  277 
in  cooking,  no  allowance  in 
recommended  daily  allow¬ 
ances,  334 

in  dehydrated  vegetables,  314 
nutritive  value  of  canned  foods, 
312 

nutritive  value  of  flsli,  284 
lecommended  dietary  allowances 
333,  335 

restoration  to  foods.  9,  10 
lirinciple  of,  321,  327 
rcciuirement  of.  7,  8 
increased,  530 
role  in  detoxications,  542 
secretion  in  sweat,  539 
source  of,  286 

tlieraiiy  of  deflciency  disease,  560 
water  soluiile,  213 

availal)ility  and  source  of,  238 


\'itamins,  :  See  also  Carotene. 
Cod  liver  oil 
assay,  451 

cliemistry  and  i)liysiology,  lk.> 
concentration  in  l)lood,  194,  451 
content  of  liutter,  289,  330 
of  food,  275 
of  milk,  187,  346_ 
deficiency,  460.  4.5 

and  dark  adaptation  tests,  357, 
460 

and  nervous  system,  187 
and  senility,  524 
and  xerosis  conjunetivae,  .>2.1 
biomicroseopic  determination  ot, 
463 

effect  of,  189 
in  cliildren’s  diet,  356 
in  relation  to  infection,  189 
liver  clianges  in,  192 
metliods  for  measuring,  193 
occurrence  of,  476-485 
ocular  changes  in,  190,  357, 
460,  523 

skin  changes  in,  191,  484 
symptoms  of,  476 
therapy  of,  562 
excretion  of,  187 

fortification  of  oleomargarine, 
321 

nutritive  value  of,  406 
recommended  dietary  allowances. 

189,  289,  335 
requirement  of,  188 
during  lactation,  394 
during  pregnancy,  393 
of  infants,  346 
retention  of,  274 
source  of,  188,  274,  289 
storage,  186 
toxicity,  189 
use  in  therapy,  559 
Vitamins,  B :  See  also  Biotin : 
Nicotinic  acid  :  I’yridoxine  ; 
Riboflavin  ;  Thiamine 
cartilage  growtli  factor,  234 
complex,  213 

dietary  allowances  not  given, 
336 

during  pregnancy,  395 
factors  of,  234 
deflciency,  detection  of,  451 
therapy  of,  561 
Vitamins,  Bi :  See  Tliiamine 
Vitamins,  Ba :  See  Riboflavin 
Vitamins,  B„ :  See  Pyridoxine 
4  itamins,  C :  See  Ascorbic  acid 
Vitamins,  I)  ;  See  also  Cod  liver 
oil ;  Rickets 

action  on  calcium  and  plios- 
phorus  metal)olism,  1‘I6 
cliemical  aspects,  195 
clinical  use,  198 
conservation  of,  196 
content  of  milk,  321,  330,  350 
deficiency',  485-492 
in  children’s  diet,  356 
distribution,  197 
forms  of,  195 
in  Infant  feeding,  351 
physiologic  aspects.  196 
recomntended  dietary  allowances. 
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vitamins,  I)  Continued 
miuliement  of,  101,  197 
during  lactation,  198 
In  pregnancy,  198,  388 
of  children,  198 
of  infants,  352 
source  of,  197 
storage  of,  196 

therapy  of  rickets,  198,  199,  562 
toxicity,  198 
use  in  therapy,  559 
Vitamins,  E,  199.  See  also  Lacta¬ 
tion  ;  Pregnancy ;  Reproduc¬ 
tion 

chemical  and  pliyslologic  proper¬ 
ties,  200 
clinical  use,  201 
deficiency,  200 

effect  on  neuromuscular  sys¬ 
tem,  200,  202 

effect  on  reproduction,  200,  201 
requirement  of,  201 
during  pregnancy  and  lacta¬ 
tion  398 
source  of,  201 
toxicity,  201 

treatment  of  amyotroplc  lateral 
sclerosis,  202 
of  dystrophy,  202 
use  in  therapy,  559 
Vitamins,  H  and  biotin,  identity 
of,  230 

Vitamins,  K,  203 
absorption,  204 
chemistry,  203 
clinical  use  of,  208 
deficiency,  503-506 
diagnosis  of,  554 
methods  for  measuring,  207 
occurrence  of  (table),  504-505 
therapy  of,  562 

in  therapy  of  hemorrhagic  dis¬ 
ease,  562 

of  prothrombin  deficiency,  211 
physiology,  204 
requirement  of,  205 

during  pregnancy  and  lacta¬ 
tion,  398 

role  in  blood  coagulation,  205 
in  liver  function,  205 
source  of,  205 
to.xlcity,  206 
use  in  therapy,  559 
Vitamins,  P :  See  Cltrln 
Volt  standard  of  dietary  protein, 
29 

Walnuts,  nutritive  values  of,  248 
source  of  vitamin  C,  315 
War :  See  also  Military  medicine 
civilian  wartime  food  program, 
513 

interest  of  government  in  nutri¬ 
tion,  10 

nutritional  conference  for  de¬ 
fense,  10,  280,  419,  512 
osteopathy,  490 

Washerwomen,  calorie  requirement 
of,  64 

Washington  Nutrition  Conference, 
10,  280,  419,  512 
Water:  See  also  Fluids 

affinity  of  lecithin  and  cephalin 
for,  38 


Water—  Continued 
and  salt  requirements  in  healtli 
and  disease,  71 
fiuorine  in,  169 
occurrence  in  U.  S.,  170 
ingestion  of,  75 
iodine  content  of,  130 
liberal  intake,  necessity  in  ex¬ 
cessive  sweating,  81 
loss  by  sweating,  78 
from  body,  76 
soluble  vitamins,  213 
Wax  beans,  vitamin  C  lo.ss  in,  302 
Weight  as  measure  of  nutrition, 
428,  429 

determination  of  standards  in 
nutrition,  430 

longitudinal  procedure  as  mea¬ 
sure  of  nutrition,  433 
Wheat,  consumption  of,  413 
dominant  cereal  in  United  States, 
320 

germ  in  treatment  of  disease  due 
to  vitamin  B  deficiency,  561 
germ  oil,  source  of  vitamin  E, 
201 

in  diet,  243 
source  of  protein,  243 
thiamine  content  of,  329 
whole,  digestibility  of  bread,  245 
source  of  pyrldoxlne,  224 
source  of  thiamine,  215 
vitamin  content  of,  216 
Whe.v,  nutritive  value  of,  282 
Wilder,  R,  M. :  Unusual  foods  of 
high  nutritive  value,  279 
Women,  calorie  requirement  of,  64 
iron  metabolism  of,  117 
metabolism  of,  57 
recommended  daily  allowance  for 
iron,  121,  123 
of  calories,  65 
of  vitamin  A,  189 
recommended  dietary  allowances, 
335i  391 

Wood  sawers,  calorie  requirement 
of,  64 

Xanthine  diuretics,  action  of,  87 
Xeroplithalmla,  475 
occurrence  of,  476-485 
Xerosis,  conjunctival,  and  vitamin 
A  deficiency,  190,  485,  523 

Yeast,  brewers’,  in  treatment  of 
disease  due  to  vitamin  B 
deficiency,  561 
nutritive  value  of,  286 
source  of  biotin,  231 
of  choline,  229 
of  nicotinic  acid,  222 
of  protein,  286 
of  pyrldoxlne,  224 
of  vitamins,  286 
vitamin  content  of,  216 

Zein,  molecular  weight  of  (table), 
15 

source  of  (table),  15 
Zinc  deficiency  in  animals,  168  _ 
effect  on  action  of  insulin,  167 
on  growth,  166 
importance  in  nutrition.  166 
physiologic  role  of.  167 
requirement  of,  169 
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